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WRONG FOR£50m 
af is amazing: what ‘some people wlll 
_S do*just to prove» me wrong. | omy, 

March editorial 4 said’”*he will need a 
“ manufacturer to build the chips since it 


is highly Unlikely ‘that Sinclair, ‘will buy’ 


result 4 


_ upon. Providing Sinclair: “ear overcome 
the heat and impurity problems that 
OW. yields, he still faces, the. 


sting 
are ‘presently’ ‘only developed for’ in4 


“or bulld .the “necessary factory’: Sir,’ dividual, chips. Having said* ally that, 
Clive is now trying to nds £50 ze “there does seem tovbe enthusiasm, for 
in an effort toprove me wror "the idea in’ financial: circles, pore 
©. Seriously thoagh, L 
“ment onthe Bees ti ‘that hier jarge “spected in the Citys 
companies ‘had already given “up on © Sinclair intends to set Up a new. fac- 
wafer» scale, integration, © “One tory * “somewhere in, England” to 
7 éompany—Trilogy (US) Raving spent, “produce the WS! ‘chips. Interestingly, 
more than $200 million (possibly even , Inmos, now a profitable company, was 
twice that figure) on ‘research and® ,funded. to. the tune: of: £100 million 
“development over’ six” years to 1984 before muc! in the way ofa product 
when-the project was abandon Sin- . started coming out. in. 1982 the Inmos: 
clair. plans, to.“form: a. company to: annual report showed assets of)£20.2 
manufacture WSl chips: based on the » million in freehold Jand ‘and “buildings 
research. into chip “production done . Be and: £23:7 ‘million in plant.ahd equip- 
_ his Cambridge.“centre ‘Metalab. Sin-) fment. Inmtos had ah operating loss for 
clair's® aim is to» produce’ 300,000 » 1982 of £6:6 millicn. It may be unfair 
Seven megabyte chips, based'on @ four to compare. the two start .ups—Sir 
‘inch wafer, next year. The first product. Clive will no doubt hor wish'to go’into 
“willbe’a 512K RAM*forthe/QL.To do » the ‘mass’ memory »chip “production 
Ahis :he .has “teamed: up with Robb _ business and he anticipates a “colossal 
» Wilmot, chairman’ of ICL and ex-h¢ead. “¢ost advantage” “Over / standard” 
“of Texas"Instruments In.the UK; Bet» memory ‘chips. Inmos’ ‘also setup two 
“ween them they” ‘plan to, ‘raise; £50 paged es one being in ‘the, USA, and, 


as 


million venture capital:ta start thepro- | had 


_ject./Sinclair’is’ being less Fiidtode However, itis a similar type of business 
“than Trilogy—who, tried: to) build a” Badd tle if equipment and factory 


J complete processor, on, a water—by . ‘premises and. inmos started spending 
Starting with’ memory ‘only. Trilogy’s! “money in 1978 ‘with the: first sample 
pied wast Peoed because | of} bgared coming out in 1980. 5 7 
, hope th 18 £50 ‘million will'prove me 
Sa ig and that my scepticism will be 
ha rd | ‘date heibed dé Arfounded ony time willtelly . &. 
jideas of ‘Ivor Catt; a British inventor 
» failed to Sell his i ideas to a. number, 
panies in the’ 1970's and even= 
apf to. work at Metalab where ‘ft 


= = 
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5 were. developed And’ built; 


and packaging - hurdles: which 


BACK NUMBERS and BINDERS... 


Copies of most of our recent 
issues are available from: Post 
Sales Department (Practical Elec- 
tronics), |PC Magazines Ltd., 
Lavington House, 25 Lavington 
Street, London SE1 OPF, at £1 
each including Inland/Overseas 
p&p. When ordering please state 
title, month and/or issue required. 
Binders for PE are available 
from the same address as back 
numbers at £5.50 each to UK or 
overseas addresses, including 
postage, packing and VAT. 
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Letters and Queries 
We are unable to offer any advice on the 
use or purchase of commercial equipment 
or the incorporation or modification of 
designs published in PE. All letters requiring 
a reply should be accompanied by a stam- 
ped addressed envelope, or addressed en- 
velope and international reply coupons, and 
each letter should relate to one published 
project only. We are unable to answer 
letters relating to articles more than 
five years old. 

Components are usually available from 
advertisers; where we anticipate difficulties 
a source will be suggested. 


Old Projects 

We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue, as we cannot 
guarantee the indefinite availability of com- 
ponents used, We are unable to answer 
letters relating to articles more than 
five years old. 


Technical and editorial queries and letters to: 
Practical Electronics Editorial, 

Westover House, 

West Quay Road, Poole, 

Dorset BH15 1JG 


SUBSCRIPTIONS 


Copies of Practical Electronics are available 
by post, inland for £13, overseas for £15 
per 12 issues, from: Practical Electronics, 
Subscription Department, IPC Magazines 
Ltd., Room 2816, King’s Reach Tower, 
Stamford Street, London SE1 9LS. Che- 
ques, postal orders and international money 
orders should be made payable to IPC 
Magazines Limited. Payment for subscrip- 
tions can also be made using a credit card. 
Phone: 

Editorial Poole (0202) 671191 


We regret that lengthy technical enquiries 
cannot be answered over the telephone. 


or otherwise). 


In fact the Sinclair 2” flat screen TV was 
launched as far back as September 1983 
but has only been the subject of a 
reasonable advertising campaign this year. 
lt is the first TV to use a single |.s.i. chip 
for its circuitry requirements and signal 
processing functions. Designed by SR and 
produced by Ferranti Ltd. using the FAB2 
CD1 process, it is a complex linear/digital 
circuit with a number of original advanced 
features which are subjects. of 
patent applications. 


The pictured f.m. wristwatch radio is at 
present for export to the USA only, it was 
launched at the Consumer Electronics 
Show in Las Vegas in January. The product 
features a full-function digital wristwatch 
with liquid crystal display and a compact 
f.m. radio. Unlike its predecessors the radio 
does not rely on the use of a crystal ear- 
piece, instead the tiny loudspeaker is 
capable of adequate sound reproduction, 
or, to quote Sinclair ‘remarkable volume’. 
The radio is powered from a 1-5V battery 


olnclair s latest 


After a heavily publicised ‘bad patch’ which brought about an indefinite 
cancellation of the company’s floatation on the Stock Market earlier this 
year Sinclair Research seem to be riding the fiscal storm and are planning 
more new ventures. The two items featured below are a direct reflection 
of Sir Clive Sinclair's innovative marketing outlook. They epitomise the 
type of product that has brought his company's steady expansion (bumpy 


The set uses flat pack batteries by 
Polaroid which were originally designed for 
instant film packs. The 6V lithium ceils will 
give up to 15 hours of viewing time. The 
multi-standard TV is also the first to feature 
automatic standard switching for reception 
of most v.h.f. transmissions around the 
world excluding France. 

Measuring 140 x 90 x 30mm the set 
retails at £99-95 and the ‘flat’ batteries at 
£9-95 for a pack of three; a mains adaptor 
is also avaitable at £7-95. 


housed in one of the three hinged parts of 
the wristlet, allowing up to 20 hours of 
operation. The antenna is entirely house¢ 
within the wristlet and is activated with the 
clasp. The wristwatch radio will retail for 
under $100. This and a QL micro sales 
campaign will spearhead Sinclairs efforts to 
re-enter the US market. 

A £50 million silicon wafer factory is be- 
ing planned by Sinclair that will provide 
chips for the scheduled portable 
minicomputer—Proteus. 


Function 
Generator 


The new Jupiter 500 Function Generator is a 
rugged mains operated instrument offering 
features unique in its price range, such as full 
programmability of both amplitude and fre- 
quency by external voliage and high output 
voltage of up to 30V peak-to-peak. 


The frequency range is 0-1Hz to 500kHz in 
seven switched decade ranges with fine fre- 
quency control. Sine, square, triangle and 
TTL (30 loads) waveforms are selectable and 
an adjustable d.c. offset up to 15V can also be 
applied to the output. The unit is supplied with 
a comprehensive instruction manual and sells 
at £126.50 inc. VAT. 

An illustrated colour data sheet is available 
from: Black Star Limited, 9A Crown Street, 
St Ives, Huntingdon, Cambs, PE17 4EB. 
(0480 62440). 


GI's & Clos 


lf your idea of a good time is sitting in 
front of the screen with a five-pack 
then this may be the item for you. 


Ross Electronics are marketing 
‘High reliability read and write 
capability’ home computer cassette 
tapes of either six minute (C12) or 
seven and a half minute (C15) duration. 
The tapes are sold in convenience 
packs of five, they are available in most 
High Street computer outlets. The 
RX2-C12 pack costs around £3.25 and 
the RX2-C15 pack around £3.30. 


Powertran Cybernetics, has now launched 
Mark IT versions of the Genesis program- 
mable hydraulic robots. The Mark I] Genesis 
P101 and P102 are ‘a result of Powertran’s 
policy of continued development rather than a 
radical redesign, and represent detail improve- 
ments over the originals. In addition to the 
RS232 of the Mark I version, there is now a 
parallel 1/O port. 

New manufacturing methods have resulted 
in closer tolerances for components, minimis- 
ing operational wear and reducing previously 
annoving minor hydraulic leakages. At the 
same time, accessibility to parts requiring 
servicing or adjustment has been improved. 

Despite the wide-ranging improvements in 
the Mark I versions, prices have remained at 
reasonable levels, and the Genesis robots still 
represent a cost-effective introduction to the 
principles of industrial robotics. Both in con- 
struction and operation, the robots mirror in- 
dustrial robots. 

A detailed specification and price list for 
the new Genesis Mark II robots is available 
from: Powertran Cybernetics Ltd., Portway 
Industrial Estate, Andover, Hampshire, SP10 
3NN. (0264 64455). 
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STILL TIME 
TO CLEAN UP 


Until June 25th Bib Audio/Video Products 
Limited will be running a competition 
featuring their one-piece push button video 
head cleaner. This product won a design 
award in the USA last year for the most 
innovative consumer electronics product. 

A small aerosol is placed inside the VHS 
cleaner cassette and the push of a button 
applies a quantity of cleaning fluid to the 
cleaning tape, this is then run through the 
machine in the usual way. Because the 
Beta cassette format is physically smaller 
than the VHS it does not use the onboard 
push button method. Instead the cleaning 
fluid is supplied separately in a smalf 
aerosol with a directional applicator. 

Back to the competition, the entry forms 
are included in the packs (where else) and 
prizes begin with an Autumn/Winter 
weekend break for two in Paris with £100 
spending money. The remaining prizes 
range from a 14" portable colour TV to 
video cassette title and label kits. 

Both the VHS {pushbutton} and the Beta 
head cleaners are available from Boots, 
W. H. Smith, Currys and video stores, they 
cost £9.98 and £10.99 respectively. 


Briefly... 


This year Philips Electronic and Associated 
Industries Lid. are celebrating their sixtieth 
year in the UK. During that time its group of 
companies has applied for and been granted 
around 20,000 UK patents. This works out at 
an amazing ‘one patent for every working day' 
since they were first established here in 1925. 
Current R&D investment is around £1 million 
per working week. 


British Telecom inform us that orders 
in excess of £3 million have already 
been received for cellphones for use 
with the new cellular radio network— 
Cellnet. It is their confident prediction 
that orders worth £20million will have 
been placed by the end of the year. 


The latest catalogue from Cybernetic Applica- 
tion is now available free of charge to PE 
readers. The publication includes the full range 
of robotic products available in the Mentor 
and Neptune ranges; these robots were 
featured as constructional projects in PE from 
September 1984 to March 1985, 

These constructional articles have been 
reproduced in the catalogue along with an up 
to date price list for kits and peripherals. Con- 
tact, Cybernetic Applications, Portway 
Trading Estate, Andover, Hants, SP10 3LF. 
(0264 50093). 


Building societies are considering plans to 
join BACS (The Bankers Automated Clear- 
ing Service) which electronically transfers 
funds between banks and individual com- * 
panies; kicking cash and cheques even 
further into touch? 


COU... 


Please check dates before setting out, as we cannot guarantee the ac- 
curacy of the information presented below, Note: some exhibitions may 
be trade only. If you are organising any electrical/electronics, radio or 
scientific event, big or small, we shall be glad to include it here. Address 
details to Mike Abbott. 


Apple May 9-11, Novotel, London L 
Automan (manufacturing) May. NEC Tl 
Electron & BBC May 9-12. New Horticultural Hall, London L 
IBM Computer User May 14—16. NEC B/ham O 

Business Telecom May 21—23. Barbican, London O 

CETEX (Consumer Electronics Trade) May 26—29. Earls Court M 
Scotelex June 4—6. Royal Highland Soc., Exhibition Hall, 
Ingliston, Edinburgh Al 


Software June 4—6. Earls Court, London K2 

The Computer Fair June |3—16. Earls Court K2 

Networks June 25—27. Wembley Conf. Cntr. O 

Cable July 9-11. Metropole, Brighton O 

Video Software Sept. |—3, Olympia G3 

Personal Computer World Show Sept. 18—22. Olympia 2M 

Electron & BBC User Sept. 27-29. UMIST, Manchester L 

Electron & BBC User Nov. 14—17. New Horticultural Hall, London L 
Computer Graphics Oct. 16-18. Wembley Conf. Cntr. O 


Al Inst. Electronics f 0706 43661 

G3 ___Link House Video ¢ 01-686 2599 

K2 Reed Exhibitions, Surrey Ho., 1 Throwley Way, Sutton, Surrey. 
L Database f 061-429 8157 * 

M Montbuild ¢ 01-486 1951 

oO Online £ 01-868 4466 
Tl Cahners ¢ 0483 38085 


ee RUR is a low cost hobby development robot in- 
tended for education and enthusiastic electronic and 
computer users at home. 

It has the traditional robot shape and brilliant external 
colours and contains a standard 19 inch rack with provisions 
for 220mm Euro-Card modules. In its basic form it contains 
a 28 c.p.u. control card and motor drive module, which will 
enable the robot's movement through a Tiny BASIC Teach 
program. The head is rotatable under software. Two l.e.d. 
arrays are included in the head to simulate eyes, again 
controllable by software. 

Future plans include optional add-ons such as a remote 
controlled on-board computer of greater potential having 
two 16-bit c.p.u.s and expandable up to 1M RAM. The head 
has built-in positions for the vision system, voice recognition 
and speech synthesis systems. A sonar detector is included 
in the basic unit. 

The low cost of the robot makes it ideal for micro users 
with RS232/432 facilities on their host computer and who 
want to do more with their computer than play games. For 
education the uses are boundless. 


PART 1 
Ralph P. Magee 


REEKIE UNIVERSAL ROBOT 
The term RUR was first given to Rossum’s 
Universal Robot which featured in a sen- 
sational Kare! Capek play of the early 
Twenties, performed in both New York and 
London. 

Factory produced “biological androids” 
took their name robot from the Slovak work 
“Robota”’, meaning obligatory worker. 

The RUR featured now is of more sub- 
stance than greasepaint, and serves as a 
mobile test-bed in which experimentation by 
the lunatic fringe of the hi-tech Eighties need 
know no bounds. The Reekie Universal Robot 


will not mind you drilling the odd hole in his. 


head to fit some electronics, as long as it’s to 
get him to do something “‘unconventional”’. 
As they say: “We have the technology,” 
and with Reekie Engineering's affordability 
concept, you might even find you have the 
money. 


RUR is shown fitted with optional arm and tray 
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> SPECIFICATION. 


: Made of aluminium painted in textured yellow. 
Shape—-Octangular: : 
Height—480mm. 
Width—-440mm. © 
Depth+-355mm,. : 
Front of body contains a tceod aperture of: 38mm 
located “140mm from bottom of body in a central 
position which will contain a sonar detector. The 
right hand-side -has_aprovision: for a. future belt 
driven. arm and not “Springs and Strings” as. i+ 
lustrated. in the prototype.A standard Vero 19 inch 
rackis placed vertically towards the rear. , 


: Made of aluminiurh and coloured matt black. 
Toe to heel—240mm. 
Height---From floor to bottom of body 185mm. 
Motivation power is supplied by.two {one ‘in each 
foot) 12 volt dic. motors with‘géarbox by Crouzet Ltd, 
of 60:4 ratio, shaft speed 60.rpm. 


Head: Made of:aluminium. Colour—deep textured orange. 

Shape—Octangular. 

Size-side to side—27 7mm, Front to back—-220mm, 
Height—-1 55mm. 

ach sida of front face contains an dperture ‘of 
76mm with 19 Le.d.s.central-front-—an aperture of 
38mm for future Vision system or a second sonar:On 
each side suitable: holes can. be madexto accept 
microphones “for. voice recognition and on top a 
speaker space for. voice synthesise Head.rotation is 
by a 12 volt d.c: motor with gearbox by Crouzet Ltd. 
of 120tpm. 


Electronics: Z8:c.p.u. controller with 2K RAM 4K EPROM 
and tiny BASIC interpreter which. will receive 
and transmit with host computer by cable us- 
ing the RS 232/432 port. 

Driver module—-Darlington and 6:x1.c. relays. 


D.C. Battery: Sealed lead acid'12 volt 5Ah made by Gates 
Energy Products is supplied, 


Future Optional Add-ons 

1) Belt drive arm by: Reekie ‘and an elevated tray unit plus 
hardware.for steppers. Robot will then:have:10 degrees 
of fraedom. 

2). Control card containing two 16-bit c.p.u.s and up to 32K 
RAM. Full BASIC:and QWERTY keyboard. This. will also 
contain. on the keyboard an i:c.d. read-out. 

3) Speech synthesis, 

©. 4) Voice recognition. 
| 5} Vision system. 


MECHANICAL ASSEMBLY—BASE 

Screw front and rear extrusions onto base section (the 
one with no hole in the centre), using M4, 12mm screws. 
This is now the base of the body. Next attach top to these 
extrusions, and place Rack Module guides into slots as 
needed. We suggest topmost position for the electronics 
basic kit. 

The bearing assembly should now be placed in the hole 
provided in the top section and screwed down. This bearing 
is used for attaching the head to the body. Fix into position, 
forward of the bearing, one 12 volt motor (the one with the 
red dot) using M3, 6mm screws and nuts. 
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The RUR head incorporates ‘eye-catching’ |.e.d. eyes, and a 
hole for an ultrasonic range-finder. The swivel bearing can 
also be seen 


SSS 


wow 


LOCKING RINGS 
Half Section on Centre Line 


Fig. 1. The head ball bearing assembly 


Side View of Left 
Foot, (Nearside Plate 
Removed.) 


Fig. 2. Foot drive system. Only one wheel is driven 


Using N4, 6mm self-tap screws fix the 185mm left sec- 
tion into position “b”. Fix 130mm width section onto the 
front “dd”. Now the front left section of 175mm to side “‘c’”’. 
Using care, slide large shaped section to right of body and 
screw into position using self tap N4, 6mm screws position 
Hel, 

Body now has in position the top and bottom, left, right 
and front left. The rear-left and rear-right has been left open 
for now to give access for later assemblies. 


| aon 


oF, 2 oO dy ‘ ’ 
“Top unit of body © : 
Bottom unit of body 

Leftside = “9 “x 

Right side > ~ 
Front left” 
Rear left 
Front. * : : 2 
Preformed Suppor. Stride é (4 off) 
Rear tight ae 
Front extrusions ©. © {2 aff} 
Rearextrusions ; (2 off) 
3U/10E extended 4-rail module kit 
Module guide (10 off} 
12N d.c, motors With gear box 
Sonar kit 
Relays (6 off). 


Anl.e.d. eye p.c.b. (prototype) 


Feet 

Right and left sections inner {2 off) 
outer * (2 off) 

inner, Outer spacérs : (8 off) 

Wheels : (4-0ff) 

Pulleys a ss (2 off) 

Belts. © am Pe (2 off) 

Motors mt q 2 


Head 
Front shaped unit | 
Rear shaped unit.” 
Top 
Bottom 
Sidés 

- Bearing assy 

Led, arrays 


‘Miscellaneous 
~~ M3 Screws and nuts 
M4 Screws and nuts. 
N4 Self tap screws: 
Battery 12.5Ah ‘- 
Wire (supplied to suit) : 
Ribbon.cable.. © 3 metres 


The track-side of the eye p.c.b, Note that 
the 1.e.d.s may be illuminated in rings—. 
outer, inner, and centre (single) lI.e.d. 


Constructor's Note RUR incorporates ultrasonic range- 
A. full kit.of parts forthe RUR. is. available from Reekie . 
Robots, Beaufort Works, Beaufort. Road, Richmond finder module 
Road, East Twickenham, Middlesex TW12PQ.. (°° 01- 
892 2877. Prices are as follows: Basie kit: £249 plus VAT; 
_ Add-on Arm and elevated tray: £280 plus VAT. 


Foot, showing internal belt arrange- 
ment (prototype). The wheels on 
the marketed version are thin- 
ner to reduce sideways 
friction whilst the robot 
is turning to a new 
heading 


Foot, showing the 
drive motor 


Head bearing and motor 


positions intop plate 


1 
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The optional arm (Armdroid unit) with gripper closed 


MECHANICAL ASSEMBLY—HEAD 

The head is in six sections; shaped front and rear, top and 
bottom and two sides. Using N4, 6mm self tap screws fit 
rear to bottom. Using the double-sided sticky tape position 

' the Le.d. arrays into the eyes. Attach front section on to bot- 
tom as in the rear assembly. 

Using M3 screws attach the head onto the bearing 
assembly that has been positioned on the body. 

Using N4, 6mm self-tap screws assemble the left ‘and 
right sides. Thread the ribbon cables from the |.e.d.s through 
the bearing hole. Finally, attach top using N4, 6mm self-tap 
screws. 


MECHANICAL ASSEMBLY—FEET 


The feet are assembled using the two similar shaped sec- 
tions for each foot. The inner section is distinguished by the 
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Rack Unit 
. (Fixed to bottom plate) 


Extrusions 


The optional arm with gripper open 


hole provided for the motor. 

Firstly attach the motor (with blue dot) into position using 
M3, 12mm screws and nuts. Do not tighten at this stage. 

Attach large diameter shafts on to position A and B. Place 
rear wheel on shaft and pulley on motor shaft. Now place 
belt over motor pulley and then over the provision on the 
rear wheel. Take up any slack from the motor end and 
tighten all screws. The belt should be comfortably tight. 

Attach 12mm fixing brackets to the inner and outer feet 
sections and assemble them together using the spacer sec- 
tions at positions CDEF. This is now one foot. Use the same 
method for assembling the other foot. 

Now attach the feet to the bottom of the Robot using M4, 
12mm screws and nuts. Feed the motor wires through the 
holes provided. ; 

NEXT MONTH. The electronics, software and use. 


“terms in widespread use by the.computer press today. owever, 


like many such terms these are products of the inexorable com- 
puter jargon machine, and‘ are often not quite as widely un- 


derstood. Indeed, to many, the only mental image conjured up by 
the term Electronic Mail is that of components for the latest PE 
project arriving by post! Underlying all three of these terms, 
however, is the concept of computers communicating with each 
other over telephone lines. In this and two subsequent articles 
we shall be examining the basic principles of this type of com- 
puter communications, and in this first article we start by looking 
at the basic tool of micro communications; the modem. 


COMMUNICATING BY PHONE 

The basic idea behind computer communications is 
straightforward enough; it is to send information from one 
computer to another in a form that can be received and un- 
derstood by the recipient. However, as with most simple 
ideas, the practical processes which are involved are a little 
more complicated than this simple statement might lead us 
to believe, By looking into the problem a little more closely 
to see what is involved, we will be much more likely to be 
able to make sense of the manufacturers’ specifications, and 
therefore solve any practical problems which may arise at a 
later date. 

To begin with, let us suppose that we have two com- 
puters, in different locations, and we wish to send a message 
between the two. Typically this message could be a file 
which is to be transferred between the two systems, but it 
could equally well be any other collection of bytes stored in 
memory, or even generated by a program. Starting from this 
point, we must provide a mechanism whereby the recipient 
receives a copy of our “message” in his computer's memory. 

At one time, this problem would have been approached by 
the use of special data lines to link the users together. 
However, this obviously lacks appeal, particularly where 
communication is required infrequently and/or with a num- 
ber of different and remote locations. Instead, the problem is 
now usually solved by using standard (voice) telephone lines 
to provide the basic link {the communications bearer) bet- 
ween the two computers. However, a telephone line is a 
single audio channel, and is not immediately suitable for 
transmitting the parallel digital data found inside a com- 
puter. Furthermore, the parallel buses inside the computer 
Operate at high frequencies (often above 1MHz), whereas 
the frequency response of a standard British Telecom line is 
limited to a bandwidth of approximately 3kHz. While this is 
quite adequate for speech (and even music can be 
recognisable), something must obviously be done if data 
transmission is to be successful. A further complication (and 
there always is one!) is that some frequencies within the 
audio range are also used for tone signalling within the BT 
network. 

Overall, the basic problem of transferring data over a 
telephone line breaks down into three major parts, shown in 


block schematic in Fig. 1. First, the message data must be 
extracted from the computer in a form suitable for slow 
speed serial transmission. Second, the digital data must be 
converted into a form which matches the capabilities of the 
telephone line. The corresponding reverse operations are 
also required at the receiving end. Only then are we ready to 
worry about the final component in the overall transfer 
process; the software. We start, however, by looking at the 
problem of serialising the parallel data in the computer. 


SERIAL INTERFACE 

Most home and small business computers either come 
fitted with a serial interface as standard, or can have one 
fitted as an option. This interface usually conforms to either 
the RS232C or RS423 standard (although not always 
exactly as regards the connectors used), However, for our 
purposes there are few practical differences, and functionally 
we usually consider the two standards to be Identical. For 
convenience we shall refer to this type of interface as the 
RS232 port, but what exactly does an RS232 port do for us? 

The short answer is that this port provides us with just the 
facility we are looking for; it takes parallel data from the 
computer's bus, and turns it into a serial bit stream, and vice 
versa, This conversion is usually performed by a special pur- 
pose computer peripheral i.c., known as an Asynchronous 
Communications Interface Adaptor (ACIA), which is con- 
nected to the computer's system bus. There is a little more 
to the process than this, however, and if we leave the 
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Fig. 1. Computer communications by telephone 
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problem here we may become hopelessly lost when we ac- 
tually try to make our communications link work. 

The RS232 standard covers all of the pins available on the 
25-pin D-type connector specified, but in this application 
only a few of these signals are actually involved; these are 
shown in Table 1. Unfortunately, the connectors used by the 
various computer manufacturers do not all follow the RS232 
standard, or even the same variation on the standard. The 
connectors for the standard’ RS232 (D-type), and the BBC 
Micro’s serial port (DIN domino type) are shown by way of 


r 


RS232 Pin Signal 


Transmitted Data (TXD) 
Received Data (RXD) 
Request to Send (RTS) 
Clear to Send (CTS) 


ORWN— 


| Protective Ground 
| 


| 


example in Fig. 2. One of the reasons for these deviations 
from the standard is undoubtedly the cost involved in 
providing a full RS232 interface, when only a small propor- 
tion of the signals are actually required. The points to note 
here are: always check which signals you actually require, 
and make sure that you have the appropriate lead for your 
computer. 


Table 1. Commonly used RS232 signals 


NOTE! BOTH 
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BBC Micro 
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Fig. 2. Serial port connectors 


Basically a serial interface consists of a Data In line, a 
Data Out line and a Ground connection, This represents the 
barest minimum for a bidirectional serial link, although 
handshaking lines are often supplied in addition, but are not 
essential. When these handshake lines are used, data should 
only be sent out from the micra when CTS (Clear To Send) is 
low, whereas the micro should set RTS (Ready To Send) low 
when ready to receive data. If a software handshake is used 
instead of the hardware handshake, connecting RTS to CTS 
will usually produce a simple 3-line link. 


aia 3 Dala4 Dato $ DataG Dato? Parity Stop (Start Bil— 
a ‘so Bee (MSB} Bil Bit Next Byte) 


Fig. 3. Serial data byte waveform 


The data itself is transmitted serially using a format which 
must be agreed in advance between the sender and receiver. 
The general form of the serial data stream is shown in Fig. 3. 
The voltage range for RS232 signals is shown in Fig. 4, and 
in practice levels of around +12 volts are commonly used for 
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logic 1 and OQ, respectively. As we can see, the data bits for 
each character are sandwiched between a start bit at the 
beginning to indicate that a character follows, and a selec- 
tion of parity/stop bits at the end. The parity bit (if present) 
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+34 (min) 
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Fig. 4. RS232 voltage levels 


allows the receiver to check that the parity is correct; if not, 
there has been an error somewhere between sender and 
receiver. 

As we have suggested, there are a number of different 
arrangements which can be used for the serial data stream. 
The example in Fig. 3 shows 8 data bits per frame, with odd 
parity and one stop bit. Table 2 shows typical combinations 
which may be encountered: selection is usually performed 
by software {e.g. using a *FX151 call on the BBC Micro). 
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Table 2. Common data stream formats 


The most important point to note, however, is that whatever 
combination of data, parity and stop bits is selected, both 
ends of the link must be using the same settings if there is to 
be any hope of successful communication. 

There is one final characteristic of the serial data stream 
which we must consider before we leave the subject; that of 
data rate. The waveform in Fig. 3 shows the format of the 
frame used to send one character, but it coritains no actual 
time values. The duration of a single bit determines the rate 
at which data can be carried by the serial stream. For ex- 
ample, a msec bit duration allows a maximum of 1000 bits 
to be transferred in a second. This rate is known as the baud 
rate. Thus a baud rate of 1000 means that if we use one 
start bit, 8 data bits, 1 parity bit and 1 stop bit, we can send 
a maximum of around 91 bytes per second over the link, 

We have now considered all of the factors which are re- 
quired in order to specify our data stream to another user, 
and for convenience these are summarised in Table 3, 


Characteristic Typical Values 
Baud Rate 75, 300,600, 1200 
Data Bits 7,8 
Start Bits l 

Parity Odd, Even, None 
Stop Bits * £2 


Table 3. Serial data stream characteristics 


together with typical values. Having produced the bit 
stream, the next step is to consider the problem of how to 
squeeze the digital signal from the RS232 port down an 
analogue telephone line. 


MODEMS 

The word modem is derived from the term MOdulator- 
DEModulator, and neatly describes the function of a modem 
as being to modulate signals onto a carrier, and to 
demodulate signals from a carrier. In this case the carriers 
referred to are audio signals falling within the frequency 
range of a telephone line, and the modulation is something 
which is controlled by the serial data stream. The almost 
universally adopted modulation technique for this purpose is 
known as Frequency Shift Keying (FSK). In this technique a 
binary 0 (also known as a space) is represented by one tone, 
while a binary 1 {also known as a mark) is represented by 
another nearby. 

The overall bandwidth of the telephone line clearly affects 
the range of tones which can be used in FSK. Although not 
immediately quite so obvious, the line bandwidth also af- 
fects how often these tones may be switched (keyed) be- 
tween mark and space. Overall, the practical maximum data 
rate which can be. supported by a telephone line comes out 
at around 1300 baud. By sharing out this available capacity 
in different ways, however, we can set up one-way links, or 
two-way simultaneous links on a single telephone line. The 
two-way type of link is known as a full-duplex link. Alter- 
natively, we can set up two-way links that are used in only 
one direction at a time. These are known as half-duplex links, 
and clearly require some agreed method of changing over 
from one sender to the other. Half-duplex links do, however, 
allow us to use the maximum speed in each direction, and 

‘hence reduce call costs by minimising the time required to 
transfer a message. To complete the picture, the final type of 
link {not much used) is the one-way or simplex tink. So much 
for the principle, but how do we get two-way operation onto 
a single telephone line? 

The basic arrangement of a modem linked to a telephone 
line is shown in Fig. 5. lf both ends of the link used the same 
frequencies to transmit, it is clear that there would be severe 
interference problems. Instead, each end of the link is 
allocated a different pair of frequencies for sending data. The 
receiver section in each modem is also provided with a 
bandpass filter which rejects its own signals, and accepts 
only those in the range allocated to the other user. There 
must obviously be agreement between the two users as to 
who sends which set of frequencies, and therefore each is 
designated (and set up) as e/ther Originate or Answer mode. 
When talking to large systems, users are invariably 
originating the call, and hence operate in originate mode. 
In user to user links, however, it is a matter for local 
arrangement. 


Fig. 5. Basic modem configuration 


Mode Baud Transmit Receive 
Rate Frequency Frequency 

, Space | Mark | Space | Mark | 
(Hz) | (Hz) | (Hz) | (Hz) 


| CCITT V.21 Orig 300 
CCITT V.21 Answer 300 
CCITT V.23 Mode 1 600 
CCITT V.23 Mode 2 | 1200 
CCITT V.23 Back 75. 
Bell 103 Orig 300 
Bell 103 Answer 300 
Bell 202 1200 


Table 4. Signal frequencies 


Telephone line bandwidth 


Receive filter bandwidths 


n { FREQUENCY 
$ $ 3 8 g 8 (Hz) 
H \ 
‘ t 
‘ t 
0 1850 Hz HBOHZ 0 
Rx 1 ' Rx 
1 f q 
\ 
i | 
i \ 
0 ie) 
| \ 
4 \ 
1 1 
\ \ 
' i 


Originate Telephone System 


Fig. 6. V21 channels for 300/300 baud 


The frequencies used by the Answer and Originate users 
are invariably specified from one of the internationally 
agreed standards. These depend on the data rate to be used, 
the continent (i.e. USA or Europe), and whether the user is 
operating in Answer or Originate mode. The USA uses a 
series of standards set up by the Bell Telephone System, 
whereas in Europe the CCITT standards have been adopted. 
The frequencies used are shown in Table 4, and Fig. 6 shows 
an example of how the commonly used 300 baud 
send/receive V21 channels are allocated. The modes which 
a modem can support will depend on the frequencies that 
it can generate and, more difficult, the frequencies to which 
the receiver filter can be switched. The early single-mode 
modems are now being joined by multi-mode types. We 
shall be seeing next month how LSI technology has helped 
to bring about these changes in the modem market. 

Typically, micro users have tended to adopt one of two 
baud rates. For user-to-user communication 300/300 baud 
is the normal choice, whereas for on-line databases and dial- 
up services like Prestel, a 1200/75 baud arrangement is the 
normal choice. This latter choice is based on the fact that 
this type of system sends a lot of information to the sub- 
scribér, but the user's response is typed at a relatively slow 
rate. As can be seen, the use to which a modem is to be put 
will affect the range of modes which must be supported. 
Multi-mode modems are now increasingly available at prices 
which compare very favourably with single-mode types and 
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these can solve the problem of choosing the appropriate 
speed at the time of purchase. 

So far we have seen how a modem converts the bit 
stream from the computer's serial port into audio tones 
suitable for a standard telephone line. The demodulator side 
of the modem will be able to recover this bit stream from the 
incoming audio signal. The next problem in the computer-to- 
computer link is how to connect the modem to the 
telephone line. 


MAKING CONNECTIONS 

There are basically two methods of connecting a modem 
to the BT network; acoustically and direct. These methods 
are illustrated diagramatically in Fig. 7. All modems con- 
nected to the BT network must be approved by BABT, and 
must carry the appropriate green approval sticker. 

In an acoustically coupled modern a ‘reverse’ telephone 
handset is provided which has a small microphone and 
loudspeaker. These are arranged so that they are opposite 
the normal handset’s earpiece and mouthpiece, respectively, 
when the two are physically coupled. Data to be sent is out- 
put to the loudspeaker, while received data is picked up from 
the microphone. The reverse telephone usually has some 
type of wrap-around rubber coupling to provide good sound 
isolation from background noise. The advantage of the 
acoustic coupler is that the modem remains electrically 
isolated from the BT network. The disadvantage is that the 
coupler is sensitive to background noise and vibration, and is 
not always suitable for non-standard handsets. 

The directly coupled modem connects to the BT network 
using one of the new-style modular plugs. Although called 
‘direct’, the part of the modem running off its own power 
must be electrically isolated from the network. This is usually 
done by means of a line isolating transformer, or increasingly 
by an opto-isolator. The point of this is to prevent accidental 
application of dangerous voltages (mains in particular) to the 
line, which otherwise could have dangerous effects on 
people and equipment. The direct connect modem avoids 
the problems inherent in the acoustically coupled modem, 
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and at long last prices are now falling to a comparable level. 
All direct connect modems must be BT approved. 

We now have the complete link from computer to com- 
puter via the telephone network. All that remains is to sort 
out the software we need in order to be able to actually use 
the link. 


SOFTWARE 

As with anything involving a computer, the communica- 
tions link just described (computer, serial port, modem and 
telephone line) is useless without suitable software. It could 
be said that the communications software will be the most 
important factor in determining how easy to use and how 
versatile the system will be, but what is it that this com- 
munications software is required to do? 

The basic language of computer communications is ASCII 
(American Standard Code for Information Interchange); an 
internationally accepted standard 7-bit code for characters 
{also including a range of control codes). All messages sent 
and received between computers are usually serial bit 
streams representing ASCII characters. The first requirement 
of any communications software, therefore, is to be able to 
convert data from the computer's internal storage format to 
ASCII, and vice versa. With text, which constitutes the ma- 
jority of messages, this is not usually too difficult since most 
computers store text as one ASCII character in each byte. 
This facility also implies an ability in the software to be able 
to interface with the computer's memory and/or filing 
system. At this point it rapidly becomes clear that com- 
munications software is almost invariably specific to a par- 
ticular machine; some is even specific to one modem. 

Next, the software must be able to set up and control both 
the modem and serial port. This should support at least 300 
and 1200 baud settings. Some modems can actually be set 
up under software control, rather than via front panel 
switches. This will, however, require that the appropriate 
facilities are included in the software. The communications 
software must clearly be able to handle both the incoming 
and outgoing data streams. This will require the ability to 
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Fig. 7. Modem connections to the BT network : 


specify the source and destination of data, preferably 
providing a choice between RAM and the filing system. If 
you wish to transfer files using software handshake 
protocols, these must also be supported by the software 
(e.g. XON/XOFF). 

The facilities just described represent the minimum that is 
required to get “on line’. When selecting a suitable software 
package, it is important to choose one which is easy to use. 
Preferably, the software should be menu-driven, since this 
will make it easier to use without continuous reference to 
manuals. Further facilities will be useful if you intend to 
make significant use of an on-line database, e.g. Prestel. For 
example, the facility to dump a screen to the filing system for 
later study or printing will prove useful, and will reduce the 
connection time (and hence cost!). Similarly, the ability to 
prepare messages off-line, and then call them up from the 
filing system when actually on-line, will also save connection 
time. 

As we have said, the communications software will have a 
significant effect on the ease of use of both the modem and 
any on-line service. With this in mind, it is essential that a 
software package is chosen which meets your needs in the 
most straightforward possible manner. Look around for a 
suitable package, and try to compare a few likely candidates 
at work, but be prepared to spend up to around £30 for a 
good package. Money spent on the right package, however, 
will be money well spent. 


MORE MODEM FACILITIES 

To conclude this first article we will now look at additional 
facilites offered by some of today’s more sophisticated 
modems. None of these are essential features, but many are 
attractive, and can widen the range of uses for a modem. 
The first three all require software to support their use. 
Software control: Some modems allow various settings 
(e.g. speed) to be controlled from the computer, as an alter- 
native to using the normal front panel switches.This usually 
requires an appropriate port on the computer (e.g. the user 
porton the BBC Micro), and an extra lead. 
Auto answer: This option in a modem works rather like a 
telephone answering machine. If your telephone number is 
rung, the modem answers with a tone; a corresponding tone 
indicates that the caller is another computer, and com- 
munications can then continue automatically. This feature 
can be extremely useful, for example, to allow messages to 
be left when you are not at home (or asleep!). 
Auto dial: This feature allows telephone numbers to be 
rung directly from the computer. This allows directories of 
numbers to be held on (say) disc. Getting the computer to 
periodically re-dial engaged numbers is another useful 
benefit. 
Auto speed selection: When calling another computer, the 
answer tone will allow the mode and speed to be detected; 
see Table 4. This allows the modem‘s mode and speed to be 
set up automatically. 


NEXT MONTH: We shall be looking at the techniques available for building a modem. 
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AY more and more functions and facilities 
are combined within integrated circuits, 
it becomes tempting to treat them purely as 
‘black boxes’, without any real regard for what 
goes on inside. This is particularly true of 
many analogue to digital (‘A to D’) conver- 
ters, where we are rarely aware of the activity 
within the devices, so are unable to significan- 
tly change the way in which they work. Con- 
versely, A to D converters which do allow us 
access to their internal working are often very 
difficult to use. Against this background, the 
ZN435 from Ferranti comes as a breath of 
fresh air! It’s a very simple to use device, yet 
can act as an A to D converter, a D to A con- 
verter, a voltage to frequency converter, and 
much more. The pinout of the ZN435 is 
shown in Fig. 1, and its specifications in Fig. 
2——there are quite a number of specifications 
for the ic. due to the number of different cir- 
cuit blocks contained within it. 


BLOCK OPERATION 

The block diagram of the i.c. is shown in 
Fig. 3, the basic “building blocks’ being a D to 
A converter, a voltage reference, an up/down 
counter, and a clock oscillator. The D to A 
converter can be controlled by either the inter- 
nal 8-bit up/down counter, or an external 8-bit 
code, as determined by the input select switch. 
When the D to A converter is receiving its 
data from the internal counter, this data is also 
made available at the digital input/output pins. 

The on-chip oscillator is used to drive the 
counter, although this may be over-ridden by 
an external clock signal. Likewise, an internal 
voltage reference is provided for use by the D 
to A converter, although an external reference 
may be used if preferred. 


DIGITAL CONTROL 

The control logic determines the actions of 
the internal up/down counter, and controls the 
digital input selection switching, as shown in 
Fig. 4. The UP and DOWN inputs are fairly 
self-explanatory, and select the normal direc- 
tion of counting. Both UP and DOWN inputs 
in the logic | state will cause the counter to be 
stopped, and both at logic 0 (with MODE at 
logic 1) allows the counter to count up to its 
maximum, then down to zero, then up to max- 
imum again. etc. The MODE input determines 
the action of the counter at zero and at its full- 
scale maximum count of 255, When the mode 
input is at logic 1, the counter will reset to zero 
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Fig. 1. Pinout 


if it exceeds 255 in the up direction, and will 
jump to 255 if it goes beyond zero in the down 
direction. With the mode input at logic 0, the 
counter will stop on reaching the full-scale 
maximum count in the up direction or zero in 
the down direction. If MODE, UP, and 
DOWN are all held at logic 0, the i.c. is placed 
into the ‘digital to analogue converter’ mode. 
In this mode, the input select switch turns off 
the outputs of the up/down counter, forcing 
them into a high impedance state and allowing 
the digital inputs/outputs (pins 1 to 8) to be 
used as inputs to the converter. In all other 
modes of operation these input/output pins are 
used as outputs from the counter. Finally, a 
logic 0 on the RESET pin will reset the coun- 
ter to zero in any of the modes. The digital in- 
puts/outputs can be driven from, or can drive 
into (as appropriate) all ‘B’ series, CMOS, or- 
dinary TTL, LS TTL, and other compatible 
logic families. 


THE CLOCK 

The internal clock can be operated by tak- 
ing a resistor from pin 17 to the positive sup- 
ply, and a capacitor from pin 17 to 0 volts. 
The frequency of oscillation is given by the 
formula: 


1 
"RE 
(fis in Hz, R is in ohms, and C in farads.) Fig. 
5 shows a graph of typical values against fre- 
quency. Note the limits of 3k to 100k on the 


resistance value, and 100pF on capacitance, 
as shown in the specifications. At low 
capacitances (less than nF) there is likely to 
be an error in the frequency obtained; it won’t 
correspond exactly with the formula or the 
graph, If such an error does occur, it will be 
due to manufacturing tolerances of the lower 
clock voltage threshold, and possibly due also 
to stray capacitance in the circuitry and wiring 
around pin 17 of the icc. 

If it is required to use an external clock, 
then the internal clock must be over-driven by 
the external one. When doing this, the external 
timing resistor and capacitor are omitted. TTL 
or LS TTL signals can drive pin 17 directly, 
with no further circuitry being necessary. 
Open collector or open drain logic outputs 
must use the arrangement of resistors shown 
in Fig. 6a, and CMOS logic must use the cir- 
cuit shown in Fig. 6b. In all cases the high 
level (logic 1) clock driving signal at pin 17 
must be attenuated to below 4-5V, since a 
signal above this voltage will cause damage to 
the internal clock circuitry. The upper fre- 
quency limit is guaranteed to be IMHz or 
better. 


THE D TO ACONVERTER 

The digital to analogue converter is a 
voltage switching type with a very low offset 
voltage of typically 3 to 5SmV. Ignoring offsets, 
the output voltage is given by the formula: 

output voltage = (eet NIN 

‘N’ is the decimal equivalent (i.e. 0 to 255) 
of the binary number fed into the D to A-con- 
verter. The output impedance of the converter 
is typically 4k, so buffering should be provided 
prior to any low impedance load, The input 
voltage to the converter, Vier IN, can be any 
voltage in the range 0 to 3-0V. 

An internal voltage reference is available, if 
required, for feeding into the converter—or 
for any other purpose, for that matter. This is 
equivalent to a 2-6 volt Zener diode with a 
very low slope resistance, giving good 
stability. A pull-up resistor must be provided 
from the Vyer OUT pin (pin 12) to the positive 
supply rail. The recommended value of 390 
ohms will allow a nominal reference current of 
6-4mA to flow, which is sufficient to drive the 
Vrer IN pins of up to five ZN435s 
simultaneously, if a number are -required to 
track together closely in a system. The Vref 
OUT pin should be decoupled to OV by a 
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ow level O/P voltage ogic O leve 


High level O/P current 


Output voltage = 2-4V 


220nF capacitor to stabilise the voltage 
reference and reduce its noise voltage. To use 
the internal reference for feeding into the con- 
verter, simply connect pin 10 to pin 12. 


APPLICATIONS 

The ZN435 can be used as a digital to 
analogue converter with either direct inputs, or 
inputs from an up/down counter, but that is 
tather under-using its considerable potential. 
With the addition of a simple comparator (an 
ordinary op-amp would do in many applica- 
tions) a ‘ramp and compare’ analogue to 
digital converter can be made, as shown in 
Fig. 7. The counter is arranged to count up 
from zero, producing an upwards ramping 
voltage at the analogue output, pin 11. When 
this output ramp voltage exceeds the analogue 
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Fig. 2. Specifications 


input voltage, the comparator output will go 
high (logic 1), stopping the counter. The status 
output at logic 1 signals to other circuitry that 
the conversion is complete and the digital data 
output is now valid. The MODE input is held 
at logic 0 to prevent the counter cycling con- 
tinuously if a voltage higher than V,ef OUT is 
present at the analogue input. The converter 
can be reset, and another conversion started, 
by applying a short logic 0 pulse to the reset 
input, which should normally be held at logie 
2, 

A rather more sophisticated analogue to 
digital converter which actually tracks the 
analogue input signal is shown in Fig. 8. If the 
input voltage rises, the digital output increases 
in value to follow it, and if the input decreases, 
the digital output also decreases to follow it; 


Allbits on, V ret IN = 2-560V 2-545 | 2-550 | 2.555 | 


there is no requirement to start each conver- 
sion from zero, 

Two LM31I1 comparator i.as are used as a 
window detector, IC2 being offset (by ad- 
justing VR3 suitably) until its threshold is 
10mV above that of IC3. 10mV is equivalent 
to one least significant bit of output code. 
Whenever the comparator input voltage is 
above the threshold of IC2, the counter will 
count up so that the converter output in- 
creases to match the input. Whenever the 
comparator input is below the threshold of 
IC3 the counter will count down to make the 
converter output decrease accordingly. If the 
comparator input is in the 10mV ‘deadband’ 
between IC2 turning on and IC3 turning on, 
the outputs of both 1C2 and IC3 will be at 
logic 1 and the counter will be stopped. The 
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Fig. 3. ZN435 block diagram 
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mode input is held at logic 0 to prevent con- 
tinuous counting in the event of an excessively 
high analogue input voltage. 

R1,R2, R3, VR1, and VR2 scale the input 
voltage of the system so that the range is 
—10V (for a count of zero) to +10V (for a 
count of 255). VR2 should be adjusted to give 
a count of 128 (10000000 in binary) for a OV 
analogue input. (For optimum accuracy, the 


OIGITAL FUNCTION 


count should actually be 128 for a +39mV in- 
put). VR1 should be adjusted to give 255 for 
+10V input, and 0 for —10V input. The use of 
other resistor values would allow different in- 
put voltage ranges, of course. 

The ZN435 is an extremely versatile device 
due to the availability to the ‘outside world’ of 
its various component parts. It has many ap- 
plications in more specialised or unusual cir- 


ANALOGUE WAVEFORM 
CAT PIN 11) 


COUNTER STOPPED 


COUNT UP CONTINUOUSLY 


Soe og ie = ae 
1 COUNT DOWN CONTINUOUSLY ISSN, 


COUNT UP, REVERSE AT FULL SCALE, 
COUNT DOWN, REVERSE AT ZERO, ETC. 


COUNTER STOPPED 


COUNT UP. STOP AT FULL SCALE 


COUNT OOWN, STOP AT ZERO 


DIGITAL TO ANALOGUE MODE. 
COUNTER OUTPUT DISABLED, 
COUNTER CAN STILL BE RESET BY 
TAKING PIN 13 LOW. 


NB, X = "DONT CARE” CONDITION-INPUT CAN BE EITHER 00R1 


COUNTER RESET. DOES NOT AFFECT 
ANALOGUE OUTPUT IN DIGITAL TO 
ANALOGUE MODE- 


Fig. 4. Control of the ZN435 i.c. 
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cuits requiring conversion between analogue 
and digital signals, and yet it is very 
straightforward to use. When operated at a 
very low clock frequency, it would make a 
superb teaching aid for analogue to digital 
converters in schools or colleges! The applica- 
tions project this month shows yet another use 
for this interesting i.c. 


AVAILABILITY 

The Ferranti ZN435 is manufactured in 
two versions, the standard ZN435E, and the 
slightly higher specification ZN435J. The 
ZN435E is more than adequate for most ap- 
plications, and is available from Maplin Elec- 
tronic Supplies Ltd. 
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Fig. 7. A ‘'ramp and com- 
pare’ analogue-to-digital 
converter using the 
Ferranti ZN435 integrated 
circuit, The ramp _ is 
generated by allowing the 
counter to count upwards 
from zero ‘ 
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Fig. 8. A ‘'tracking’’ 
analogue-to-digital con- 


verter using the Ferranti 

' Z2N435 D-to-A chip. This 
is a rather more 
sophisticated converter 
because the counter 
follows the input up and 
down, and does not have 
to repeatedly start from 
zero 
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DIGITAL. 
ERATOR 


W HEN testing microcomputers, instrumen- 
tation systems, A to D or D to A con- 
verters, and other similar systems, it is often 
useful to have available a variable analogue 
voltage, preferably of a repetitive nature, and 
its digital representation. Fig. 9 shows a 
waveform generator with such an analogue 
and digital output, with its Veroboard layout 
given in Fig. 10, Unlike Figs. 7 and 8, in this 
case the mode input of ICI is tied to logic 1 to 
deliberately allow its counter to continue run- 
ning after full-scale or zero have been reached. 
Switch $2 selects the output waveform re- 
quired by controlling the UP and DOWN in- 
puts. Because the counter is running con- 
tinuously, it will either count up continuously, 
then jump to zero, then count up again, etc., 
giving a forward-going sawtooth waveform 
{position 1 of $2), or the reverse, giving a 
backward-going: sawtooth (position 2 of $2), 
or it will count up, then down, then up, etc., 
giving a triangle wave. 

The positive or negative going slope will last 


for 256 clock cycles; hence, the frequency of 
the waveform is 1/256 times the clock in the 
case of the sawtooth waveforms, or 1/512 
times the clock, because of the two ramps re- 
quired for each cycle, in the case of the 
triangle wave. Varying the clock frequency 
will obviously vary the waveform frequency, 
so $1, C1 to C7, R1, and VR1 arrange for a 
wide range of clock frequencies to be made 
available. This will allow triangle waves to be 
able to be generated over the range of less 
than 0-01Hz to greater than 1kHz, with the 
sawtooth waveforms being twice this fre- 
quency. The digital output, of course, will 
always give a binary value equivalent to the 
analogue voltage. 

IC2 is a dual op-amp arranged to buffer the 
output of IC1 and add an optional offset, and 
variable gain. With S3 in the open position, 
IC2b merely amplifies the output voltage 
directly. The output range is therefore from 0 
to +0-6V, up to 0 to +4V, depending on the 
setting of VR2. (The outputs of IC2 clip at 


+4V due to saturation effects, being so close 
to the supply rail.) With S3 closed, an offset is 
added into IC2b to give an output which 
ranges from +0-3¥V to +3V, again depending 
on the setting of VR2. If a very accurate ‘zero’ 
output is required in this offset mode, then R7 
should be replaced by a 4k7 preset. IC3 is a 
voltage converter i.c., used to provide a —5V 
rail to IC2. If a negative supply is already 
available, then [C3 and C13 may be omitted. 

In use, the circuit is largely self- 
explanatory. At the highest frequency setting 
there is some frequency non-linearity due to 
the threshold and parasitic effects mentioned 
earlier, which changes the frequency range 
somewhat, hence the choice of value for C7. If 
this still proves to be a problem, then the value 
of C7 should be adjusted suitably. 

The analogue/digital waveform generator 
can provide very stable ramp and triangle 
waveforms with a corresponding digital code, 
showing yet another ususual application for 
the ZN435 converter i.c. 
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Revolutions 


The history of electronics is a succession 
of revolutions, not only in the transition 
from the spark transmitter and the coherer 
of the turn of the century to today’s solid 
state technology, but also in mechanical 
construction and assembly. 

Only the truly elderly will now remember 
the breadboard layout and ebonite front 
panels of the 1920s, and the middle-aged 
the almost universal adoption of the metal 
chassis in the 1930s. These years also saw 
the introduction of plastic as an alternative 
to wood in the cabinets of domestic radios. 

The great post-war revolution in 
assembly was the introduction of the 
printed circuit together with flow soldering 
and, later, automatic component insertion. 
As p.c.b.s became more complex and com- 
ponent density rose, so Computer-Aided- 
Design (CAD) became a necessity instead 
of a fuxury. 

The tatest revolution, already upon us, is 
surface mounting of microchips and other 
micromin components which are 
automatically positioned on the p.c.b. and 
cemented into position prior to flow- 
soldering. 

This form of assembly, in conjunction 
with multilayer p.c.b.s, allows a given cir- 
cuit complexity to be achieved on a board 
area one-third of the size of the previous 
(and still current) state-of-the-art. And, 
when used with modern automatic place- 
ment machines, as many as 200,000 com- 
ponents can be mounted on 1,000 boards 
in one hour. 

A size reduction to one-third is perhaps a 
conservative estimate. A new CAD system 
called Visula from Racal-Redac is claimed 
to cut p.c.b. size to as much as one-fifth us- 
ing multilayer boards with ultra-fine-line 
routing and surface mounted components 
on both sides of the board. Once the board 
has been designed, Visula will output the 
manufacturing routine including the inter- 
face to automatic component placement 
machines. 

The almost incredible power of such new 
design tools, manufacturing tools and, 


at the end of the production line, auto- 
matic test equipment is having a critical 
impact on employment and work practices. 


Knock-on 


In mass production of electronic as- 
semblies the long rows of women assem- 
blers hand-mounting components, hand- 
wiring and hand-soldering, are fast 
vanishing as automation takes over. The 
bulk of circuit design has passed from 
equipment manufacturers to semiconduc- 
tor manufacturers who can supply off-the- 
shelf or custom-designed i.c. packages for 
almost any conceivable circuit function. 

The knock-on effect continues through to 
outside specialist suppliers. The standard 
19-inch rack and panel standing six feet 
high has not entirely gone but the circuitry 
it contained with old-sty!e components and 
construction can now be accommodated in 
an enclosure measured in cubic inches. 
Buildings to house the equipment have 
become smaller. Hence a loss to steel 
manufacturers and to the construction 
industry. 

The most basic component, copper wire, 
is still around in quantity but big users like 
British Telecom are buying less. BT has 
already installed 30,000km of optical fibre 
and has just ordered a further 23,000km at 
a cost of £9 million. Traditional cables are 
not exactly finished but the writing is on the 
wall. The copper in existing trunk routes 
can be recovered with a possible knock-on 
effect to third world copper producers like 
Zambia. 

Of course there are gains as well as 
losses in the labour equation. There is a 
redistribution with, for example, the Visula 
p.c.b. CAD systems having taken 175 man- 
years of development time. But we can only 
guess how many thousand man-years of 
design effort will be saved by its users. 

Surface mounting in large scale produc- 
tion has the advantage of a cheaper end- 
product for the consumer. But as the com- 


- ponents are cemented on to the p.c.b. there 


is little chance of repair and the whole 
board becomes a throw-away item. Un- 
skilled labour is adequate for a plug-in 
replacement. 


Craft 


Happily, once we turn away from mass 
production of consumer items we can stil! 
find work for the craftsman in small quan- 
tity high-value-added design and construc- 
tion. An example is a seven-off order for 
20W transmitters worth £260,000 to Mar- 
coni Defence Systems. At over £37,000 
each they seem rather expensive. That is 
until you are told that they operate up in L- 
band and in outer space. The customer is 
the European Space Agency. 

If successful in flight trials scheduled for 
early next year the Marconi TAMS 
(Transmit Amplifier Modules) could well 
become a world standard in which case 
further production would doubtless reduce 
unit-cost. Even so, such units will never be 
mass produced and will remain a virtually 


hand-crafted product. 

At ground level there is still much small- 
batch construction. Such is the two-million- 
dollar contract won by Marconi Communi- 
cations Systems for a 500kW transmitter 
for the ‘Voice of America’ short wave 
broadcasts from Greenville, North Carolina. 
Equipment of this size and power has to be 
built, not turned out on an automated 
assembly line. 

As a generalisation the UK should con- 
centrate on highly skilled high-value-added 
work and leave high volume production to 
those who do it most economically which, 
at present, is in Asia. 

This view is reinforced by a survey con- 
ducted by the Ministry of International 
Trade and Industry in Japan. MITI's findings 
were that of al! the significant inventions of 
the past 40 years the British accounted for 
55 percent, the United States only 22 per- 
cent and the Japanese a paltry 5 percent. It 
depends on MITI's assessment of ‘signifi- 
cant’ but | believe that the general ex- 
perience over this period is that we are 
good at innovation but comparative duffers 
when it comes to mass production when 
measured in terms of productivity. | may 
add, fortunately, that we are improving. 


What Next? 


Miniature, subminiature and 
microminiature describe successive genera- 
tions of equipment. The new buzz-word is 
submicron which describes chips only one 
tenth the size of commercial devices in use 
today. 


Silicon will remain in favour but_ 


researchers are keenly examining gallium 
arsenide as a more appropriate material for 
submicron technology. It has higher elec- 
tron conducting power and, with the tiny 
dimensions envisaged, a much _ higher 
operating speed. 

Glasgow University's Ultra Small Struc- 
ture Group has a £500,000 grant from the 
Science and Engineering Research Council 
for investigation of such devices which 
could become available commercially in a 
few years time. The research programme is 
in-co-operation with BT and Plessey. 


The World 


The expected though sudden emergence 
of new leadership in the Kremlin is another 
example of how external events can in- 
fluence prospects. The dismal performance 
of the economy of the Soviet Union is now 
said to be top priority but if improvement is 
to be made then the solution can come only 
from the West as is openly acknowledged 
by the now enlightened Chinese. 

The British mission, headed by Lord 
Young, returned from China in mid-March 
full of enthusiasm for increased trade. The 
Soviets may not follow the Chinese lead 
but they can’t afford to fall further behind in 
living standards and consumer shortages 
while the capitalist economies surge ahead 
and the Chinese are catching up. So we 
may expect new export prospects for 
western technology in the civil sector. After 
all, enhanced mutually beneficial trade may 
be the best guarantee of lasting peace. 
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MUSIC 


R.A.PENFOLD 


VWvyiite many home computers have quite complex and 
versatile sound generator circuits which are well suited 
to music making, the lack of a conventional musical 
keyboard can render even the best of home computers of 
little value to someone who wishes to use the unit as an or- 
dinary instrument. Music either has to be programmed and 
then played back automatically, or the computer has to be 
played via the typewriter style keyboard. 

This problem is not insurmountable, and a conventional or 
stylus’ keyboard can easily be added to many home com- 
puters. In this article we will be dealing with the Commodore 
64, an obvious choice due to its highly advanced sound 
generator chip, the 6581 SID (sound interface device). The 
Commodore 64 probably has the most advanced sound 
generator circuit of any current home computer. It has, 
unremarkably, three tone-channels, but has a choice of four 
waveforms per channel (triangle, sawtooth, variable pulse, 
and noise). The noise output has a definite pitch which can 
be varied like any of the other waveforms, and it is quite 
possible to play music using a noise waveform. Another 
feature is proper ADSR envelope shaping (although there 
are admittedly only fifteen different volume levels), and even 
such things as ring modulation and various types of filtering 
can be provided. 


KEYBOARD INTERFACING 


Two methods of interfacing a keyboard to the machine 
will be considered here. One approach is to interface the 
keyboard by way of a paddle input on one of the joystick 


VRI VR2 VR3 VRS VR24 
2k2 2k2 2k2 2k2 2k2 
KEYBOARD 
TO PADOLE 
INPUT 


STYLUS 


Fig. 1. Circuit of the simple stylus keyboard | 


KEYBOARD . 


ports. Here only a stylus type keyboard is interfaced using 
this method, but precisely the same technique could easily 
be applied to a “proper” keyboard if desired. The other 
method of interfacing enables a synthesiser keyboard to be 
interfaced to the computer's user port. The CV output of the 
synthesiser (which must be of the standard 1 volt per octave 
law) is connected to the user port via what is really just a 
straightforward analogue to digital converter. Apart from 
enabling the sound generator to be played from the 
keyboard, a useful aspect of interfacing the computer to a 
synthesiser is that the audio output from the computer can 
be mixed with and used to augment the normal output of the 
synthesiser. This is especially useful with a simple single 
VCO synthesiser, but also greatly enhances a twin VCO type. 


STYLUS KEYBOARD 

The Commodore 64 has two games paddle inputs on 
each joystick port, but there are in fact only two inputs in 
total since the paddle inputs of joystick port 1 are merely 
connected in parallel with those of joystick port 2. These in- 
puts are in fact provided by the 6581 SID, and are not the 
usual voltage sensitive analogue inputs. They are simple 
resistance sensitive types using a CR timing network and a 
counter circuit. In effect the CR timing circuit is used in a 
monostable multivibrator, and the counter operates for the 
duration of the output pulse.The higher the value of the tim- 
ing resistor the longer the pulse length, and the higher the 
count registered by the counter. The two counters can be 
read at two registers of the 6581, and as they are 8-bit 
types the returned value is in the normal O to 255 range. 


COMPONENTS . .. 


Miscellaneous fobs STK 
«Printed circuit board, available from the PE PCB Service, — 
order code 506-02, 9-way-D’socket, test prod for stylus, 
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In this application all we have to do is to arrange the 
keyboard so that each note provides a suitable resistance at 
one of the paddle inputs. A software routine is then used to 
convert the numbers returned from the 6581 register into 
the correct notes, or to silence the sound generator when 
the keyboard is not activated and a reading of 255 is 
returned. The paddle inputs have a full scale value of around 
400k or so, which works out a little under 2k per division. In 
practice the precise full scale value will vary somewhat from 
one machine to another, and the linearity is not very good 
either, In order to obtain reliable results it is therefore 
necessary to use a series of preset resistors rather than fixed 
types so that they can be trimmed to give the required 
values. 

The circuit of the stylus keyboard is shown in Fig. 1. For 
the sake of clarity only six preset resistors in the chain of 25 
are shown. A series of 25 presets gives a range of two com- 
plete octaves including semitones, but with over 200 dif- 
ferent values available from a paddle input and the wide 
range of notes available from the 6581 SID (about 8 oc- 
taves) a much wider compass could be covered if desired by 
using more presets and a suitably extended keyboard. It 
would obviously be quite straightforward to modify the cir- 
cuit to suit a normal keyboard, with s.p.s.t. contacts being 
used to switch in the appropriate number of presets for each 
note, 


CONSTRUCTION 

Refer to Fig. 2 for details of the printed circuit board for 
the stylus keyboard. Construction is very simple with just the 
25 presets to be soldered into place, the connection to the 
stylus to be made, and the two connections to be taken to 
one of the.controller ports (either port will do). The stylus can 
be an inexpensive test prod of the type sold as replacements 
for multimeters, or something like a jack plug could be used. 
Probably many constructors will be able to find something 
suitable in their spares box. 


STYLUS 
PADDLE 
PORT 


(a) Control Port 
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(b) User Port 
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Fig. 3. Connection details for (a) the controller port and (b) 
the user port 


The connections to the controller port are made by way of 
a piece of two way cable and a nine way D-type connec- 
tor. Provided this cable is no more than about 1 metre or so 
long it should not be necessary to use a screened lead, but if 
a screened lead is used its outer braiding should connect to 
the “SV” terminal of the port, with the inner conductor carry- 
ing the connection to the “POT Y” terminal. Connection 
details for the controller port are given in Fig. 3(a). 

The printed circuit board is arranged to provide two oc- 
taves from E to E, but this could obviously be modified to 
suit individual requirements by those who are making their 
own board and, as explained earlier, a greater range of notes 
can be produced if more presets and “keys” are used. 


Fig. 2. Construction of the simple stylus keyboard 
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SETTING UP 

in order to facilitate setting up of the presets the following 
two line program should be entered into the computer. 

10 PRINT PEEK(54298) 

20 GOTO 10 

This merely reads the paddle port continuously, printing 
the returned values down the left hand side of the screen. 
Select the highest note using the stylus, and then adjust 
VR25 for a steady reading of 1. Then move down a note and 
adjust VR24 for a value of 2. Then move down another note 
and adjust VR23 for a reading of 3. Continue this process 
until all the presets have been adjusted in sequence, with a 
value of 25 being obtained for VR1. Note that the presets 
must be adjusted in sequence, starting with VR25 and work- 
ing downwards to VR1. 


SOFTWARE 

The “POT Y” input is read at address 54298, and the 
suggested software routine in the first listing takes the 
returned value and converts it into the appropriate two 
values to give the correct note from channel 1 of the sound 
generator. Refer to the Commodore 64 manual for a full list 
of register values for the musical notes available. The pro- 
gram uses the “look-up table” method, where the returned 
value points to the position of the note values in a table. If 
you try writing your own software bear in mind that a value 
of 1 is produced by the highest note, incrementing by one 
per note to 25 for the lowest note, and the note values must 
be arranged in the look-up table (the DATA statements) 
accordingly. 

The program must do more than just write the correct 
values to the frequency control registers, and the required 
waveform must be selected by POKEing the appropriate 
vale to Voice Control Register 1 at address 54276. In this 
case a value of 33 is used, and a triangle waveform is ob- 
tained, but any of the available waveforms can be obtained 
by. using the appropriate value. Another function of the 
program, and an important one, is to provide gating of the 
sound generator. In other words, sound must only be 
produced when the stylus is on the keyboard, and not at 
other times. This is in fact not strictly true, since the sound 
generator has ADSR envelope shaping, and the sound may 


Program listing for the stylus keyboard 


RF 


a 
THEN COTO 62 
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therefore continue after the gate period has ended for a time 
dictated by the selected “release” period. The gating is ob- 
tained by continuously POKEing a value of 33 to the voice 
control register when a valid note value is returned from the 
paddle port. At other times a value of 32 is written to the 
voice control register. This takes bit O of the register low and 
ends the gate period. 

The envelope shape for channel 1 of the sound generator 
is controlled by the two registers at addresses 54277 and 
54278. A full description of the 6581, which is a highly 
complex device, really goes well beyond the scope of this 
article. However, the Commodore 64 Programmers 
Reference Guide which is published by Commodore gives 
full data on this device, and programming details. This 
should be considered essential reading for anyone who in- 
tends to use the Commodore 64 with either of the keyboard 
systems described in this article. Facilities such as filtering 
and ring modulation have not been included in the program, 
but are something that could easily be added once you have 
mastered the basics of 6581 programming. 


SYNTH INTERFACE 


The synthesiser interface uses the analogue to digital con- 
verter circuit of Fig. 4 to convert the control voltage output 
of the synthesiser to a value that can be read via the user 
port. The control voltage output of a synthesiser, provided it 
is a standard one volt per octave type, is equal to a certain 
potential per note. In fact it increments by a little under 100 
millivolts per note. This is very convenient for the current ap- 
plication since we can arrange things so that a value of 1 is 
obtained for the first note, 2 for the second, and so on. 

The converter circuit is very straightforward, and is based 
on a ZN449 eight bit successive approximation device. In 
fact only six bits are used here, giving a maximum range of 
over five octaves, which is adequate in practice, and is likely 
to be far more than the synthesiser’s keyboard is capable of 
providing. There are more accurate and expensive versions 
of the ZN449 (namely the ZN448 and ZN447), but as the 
converter is effectively a 6-bit type in this application there 
would be no advantage in using one of the more accurate 
devices. 
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Fig. 4. The synthesiser interface circuit diagram 


A negative supply is required for the discrete “tail” 
resistor (R2) in the comparator stage of the converter, and 
although the user port does not provide a negative supply it 
is quite easy to generate one from one of the 9 volt a.c. out- 
puts that are available. This is achieved using the simple 
rectifier and smoothing circuit based on D1 and D2. 

The ZN449 has a built-in clock oscillator which requires 
just one external capacitor to set its operating frequency. In 
this circuit C3 is the clock oscillator’s timing capacitor and 
its value of 220p sets the operating frequency at about 
400kHz. This gives a conversion time of approximately'22-5 
microseconds, which is more than adequate for this applica- 
tion. The digital to analogue converter section of IC1 has a 
built-in 2-55 volt reference voltage source, but this requires 
discrete load resistor R3 and decoupling capacitor C4. 

As the converter has a full scale input voltage of nominally 
2-55 volts, but a synthesiser covering the maximum five- 
and-a-bit octave range would give a maximum potential of 
just over 5 volts, the input voltage must be attenuated 
somewhat. This attenuation is provided by VR2, and this 
preset control is adjusted to bring the full scale input voltage 
of the circuit to precisely the correct level. The ZN449 re- 
quires a discrete zero offset circuit in order to give good ac- 
curacy at low input voltages, and the necessary positive bias 
is provided by VR1 and R4. VR1 is adjusted to optimise 
accuracy. 

To produce a conversion a negative pulse must be sup- 
plied to the “start conversion” input at pin 4 of IC1. In this 
case the PC2 handshake line is used to provide the pulse, 
and this gives a negative pulse of about 1p1s in duration im- 
mediately following any read or write operation to the eight 
data lines of the user port. If a continuous stream of readings 
are taken the start conversion pulses are produced 
automatically after each reading is taken, but where 
necessary a dummy read or write operation can be used to 
initiate a conversion. When using BASIC the relative 
slowness of this language ensures that a conversion is 
always completed before a reading is taken. However, when 
using machine code a delay of at least 25us should be 
allowed between readings to ensure that the converter 
always has time to produce a valid reading. 

Transistor TR1 is an inverter stage which processes the 
gate output signal of the synthesiser to give a negative gate 
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pulse that will reliably drive the PB7 input of the user port, 
Lines PBO to PB5 are fed with the six (used) outputs of the 
analogue to digital converter, and the unused data line PB6 
is simply connected to earth. A returned value of 128 or 
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more thus indicates that no key is depressed, when a key is 
operated a value of 1 to 63 is obtained, indicating which key 
has been operated. Of course, in most cases the keyboard 
will cover a range of no more than three octaves, giving a 
maximum note value of 37 or less. 


CONSTRUCTION 

All the components are accommodated by a small and 
easily constructed printed circuit board, as shown in Fig. 5. 
Connections to the user port of the computer are carried via 
a piece of 12-way ribbon cable about 0-5 to 1 metre long. 
This has its free end fitted with a 0-15 inch pitch, 2 by 12 
way edge connector. Details of the connections to this are 
shown in Fig. 3(b}. As the edge connector is unlikely to have 
a polarising key it essential to make sure that it is connected 
to the computer the right way round, and it is advisable to 
clearly label the “top” and “bottom” edges of the connector. 

The completed board is mounted in a small plastic or 
metal case after first wiring it to SK1 and SK2 which are 
mounted on the front panel. An exit hole for the ribbon cable 
must be cut or filed in the rear of the case unless a suitable 
gap can be found. 


IN USE 

Sockets SK1 and SK2 respectively connect to the CV 
OUT and GATE or TRIG OUT sockets of the synthesiser by 
way of the usual screened jack leads. Start with VR1 and 
VR2 set at roughly mid point and then enter the simple two 
line test program that follows. 

10 PRINT PEEK(56577) 

20 goto 10 
Depressing a key of the synthesiser should produce a 
returned value of between 1 and 63. If the synthesiser has 
(say) 37 keys, operate the highest key and adjust VR2 to 
produce a stable reading of 37. Then operate the lowest key. 
This may give a steady reading of 1, and in this case no 
further adjustment of the unit is likely to be needed, with 
each key returning the correct value. If a reading other than 
1 is obtained, trim VR1 to produce the correct reading. Then 
operate the highest key again and, if necessary, adjust VR2 
for the correct reading again. This process should be con- 
tinued until the interface tracks properly over the full range 
of notes covered by the synthesiser. 


Program listing for the 
synthesiser interface 


PC? : ; bsecriens Sm 

$] | Sakon neGeImTERT ERNE cE omy er 
TO EDGE 5 re ne eee 
CONNECTOR 


Fig. 5. Construction of the interface p.c.b. 


SOFTWARE 

Although it is possible to play faster using a proper 
keyboard than it is when using a stylus type, a BASIC 
program seems to give a perfectly adequate speed for use 
with the synthesiser interface, and it is not essential to resort 
to a machine code program. The second listing is suitable, 
and this is a slightly revised version of the stylus keyboard 
listing described earlier. The main differences are that the 
keyboard values are obtained from a different address 
(56577), and that a range of 37 notes from C to C are 
covered. 

As was the case with the stylus keyboard listing, the 
program is only intended as a starting point, and refinements 
such as switching up or down one or two octaves, waveform 
selection, etc. could be incorporated. With this type of pro- 
ject there is almost unlimited scope for anyone wishing to 
develop sophisticated supporting software. * 
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QUASARS 


In July last year I wrote about the great 
quasar problem. Are these enigmatical objects 
F really as remote and as luminous as their spec- 
tral red shifts indicate, or are they much 
closer, so that the red shifts are misleading? 

Almost all astronomers favour the first 
view, but there are some dissentients, notably 
Sir Fred Hoyle in Britain and Dr. Halton Arp 
in the United States. Arp has long maintained 
ql that quasars are associated with relatively 
nearby galaxies, so that their red shifts are not 
‘cosmological’, though even in this case the 
quasars would still be millions of light-years 
away. 

Dr. Arp has published lists of aligned 
galaxies and quasars which have different red 
shifts. He has now announced the detection of 
a third quasar close to the galaxy NGC 3842. 
Two quasars in this area were already known, 
and the third also lies within 73 seconds of are 
of the galaxy. He considers that this is too im- 
probable to be a coincidence unless there is a 
réal association. 


However, there remains the fact that if 
quasars were ejected from galaxies, some of 
them ought to be moving toward us, so that 
the shifts in the lines in their spectra would be 
to the blue or short-wave end—and up to now 
no blue-shifted quazar has been found. Until, 
or unless, this happens, it is likely that most 
authorities will continue to believe that the red 
shifts really are reliable guides to the quasar 
distances. 

Much has been heard recently about the 
possibility of collisions between the Earth and 
solid bodies from space. Of course many 
meteorite falls have been seen, but there have 
been no trustworthy reports of any human 
death due to such an event. However, within 
the last few months there have been a couple 
of “near misses”. On 30 September 1984 a 
meteorite—or a fragment of a meteorite— 
landed only a dozen feet away from two sun- 
bathers in Perth, in Australia, while on 10 
December a meteorite crashed into a postbox 
at Claxton, in Georgia, less than 150 feet 
away from the nearest observer. Both 
meteorites were recovered and analysed; both 
are of the type known as chondrites. 


PLUTO 

Pluto is often termed “the outermost 
planet”. True, its mean distance from the Sun 
is much greater than that of Neptune, but its 
comparatively eccentric orbit means that 
when near perihelion it is closer-in. Perihelion 
is due in 1989, so that between 1979 and 1999 
Pluto is moving within the orbit of Neptune— 
though there is no fear of a:collision, because 
Pluto’s orbit is also tilted at the unusually 
sharp angle (for a planet) of 17 degrees. 

Pluto was discovered in 1930 by Clyde 
Tombaugh, then a young student but now one 
of America’s most senior and respected 
astronomers. The discovery was made at the 
Lowell Observatory, Flagstaff, and was the 
result of a deliberate hunt. Percival -Lowell, 


who had died in 1916, had worked out the 
possible position of a new planet from small 
irregularities in the movements of Neptune 
and Uranus; Pluto turned up not very far from 
the predicted place. Yet it was a puzzle from 
the start. We now know it to be smaller than 
the Moon, with a mass so low that it could not 
possibly produce any measurable perturba- 
tions in the motions of giants such as Neptune 


,.and Uranus, Either Lowell’s fairly accurate 


position was a sheer fluke, or else the real 
“Planet X” remains to be discovered. 

“In 1977 it was found that Pluto is not a 
solitary wanderer in space; it is attended by a 
satellite, now called Charon, with a diameter 
about one-third that of Pluto itself. Moreover, 
the situation is unique inasmuch as Charon 
has a revolution period of 6-3 days—and this 
is the same as that of Pluto’s axial rotation, so 
that to an observer on Pluto, Charon would. 
appear motionless in the sky. 

It has been predicted that at some time 
around the mid-1980s there would be mutual 
occultations of Pluto by Charon and vice 
versa, and that these might be detectable by a 
drop in the total magnitude—remembering 
that in normal telescopes Pluto and Charon 
appear as a single point; to see them 
separately requires electronic equipment used 
with a giant telescope. It now seems that these 
predicted phenomena have started. The first 
event was noted by R. Binzel and E. Tedesco, 
of the Jet Propulsion Laboratory, on 16 
January, and the second was in February, 
noted on the 17th by Binzel and on the 20th 
by D. Tholen of the University of Hawaii. 

The change in brightness is very slight, 
amounting to no more than 0.04 of a 
magnitude, but it is quite definite. The 
telescopes used were the reflectors at Palomar, 
the McDonald Observatory in Texas, and the 
2-2-metre instrument on Mauna Kea. 

There seems no reasonable doubt that 
mutual occultations are responsible, and it 


THE SKY THIS MONTH 


Both the really brilliant planets are on view this month, 
though not in the evenings. Venus is a morning object in 
the Eastern sky; it reaches its greatest brilliancy 
(magnitude — 4-2) on May 9. it will then be less than 30 
per cent illuminated, and any smail telescope—or even 
good binoculars—will show its crescent form. It will not 
reach dichotomy, or half-phase, until mid-June, but it 
will then be further away from us, and the apparent 
diameter will be less—which more than compensates for 
the extra amount of sunlit hemisphere turned in our 
direction. 

Jupiter, in Capricornus, is visible for several hours in 
the South-East before dawn. Saturn, in Libra, reaches 
opposition on May 15 and so is above the horizon 
throughout the hours of darkness; its magnitude is 0-2, 
only very slightly fainter than Vega or Capella, and the 
tings are wide open. 

Of the other planets, Mars is being lost in the evening 
twilight, and as its apparent diameter is now less than 
4 seconds of arc no telescope will show much surface 
detail, while Mercury is well South of the celestial 
equator and is not likely to be seen with the naked eye. 

The Moon was full on 4 May, and will be new on 19 
May. There will be a partial eclipse of the Sun on the 
19th, when 84 per cent of the bright disk will be hidden, 
but the eclipse is not visible from anywhere in Britain. 


Orion has now disappeared, but the other famous 
‘guide’, Ursa Major, is almost overhead; almost everyone 
can recognize the seven stars making up the pattern 
nicknamed the Plough or the Big Dipper. Following 
round the curved line of the Bear leads to Arcturus, the 
Jovely orange star which is actually the brightest star 
visible from Britain apart from Sirius; it is one of only 
four stars which are above magnitude zero—the other 
three being Sirius, Canopus and Alpha Centauti. 

Continuing the line leads to Spica in Virgo, which is a 
white first-magnitude star; the rest of Virgo is made up 
of a somewhat Y-shaped pattern of stars, one of which 
(Gamma Virginis), at the base of the Y, is a well-known 
binary with almost equal components. It used to be very 
wide and easy, but it is closing up, and by the end of the 
century it will appear single except with large 
telescopes. 

Below Spica is the well-marked quadrilateral making 
up Corvus, the Crow. Leo, the Lion, is dropping in the 
West, while the brilliant blue Vega is gaining altitude in 
the East. Later in the night Scorpius, the Scorpion, will 
be visible, low in the South-East, led by the red 
supergiant Antares. Scorpius is a magnificent constella- 
tion, but it is too far South to be properly appreciated 
from Britain, and the prominent “sting” barely rises even 
from South England. 
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also seems that the eccentricity of Charon’s 
orbit is very low. It is thought that even more 
marked events will be seen in future months, 
and they will be of great importance, as they 
will lead to better determinations of the sizes 
and masses of the two bodies. 


FREE ORBIT 

But can Pluto be regarded as a true planet? 
It does not seem to fit into the general pattern 
of the Solar System, and there are good 
grounds for demoting it from its planetary 
status, particularly in view of the 1977 dis- 
covery of what seems to be a large asteroid, 
Chiron (not to be confused with Charon) 
which spends most of its time between the 
orbits of Saturn and Uranus, 

In 1936 R. A. Lyttleton suggested that 
Pluto used to be a satellite of Neptune, and 
broke free to move off in an independent path. 
Perhaps significantly, Neptune’s remaining 
large satellite, Triton, has a retrograde orbit, 


and seems to be larger and more massive than 
Pluto; it is thought to have an icy surface, 
possibly with oceans of liquid nitrogen or 
methane. According to Lyttleton’s theory, in- 
teractions between Pluto and Triton led to the 
expulsion of Pluto from the Neptunian system, 
and the forcing of Triton into a retrograde 
orbit. 

Unfortunately there are serious 
mathematical objections, and the discovery of 
Charon has made them worse, so that most 
astronomers regard the theory as untenable. A 
new suggestion has now come from W. B. 
McKinnon of Washington. This time Pluto 
and Triton are assumed to have had original 
orbits round the Sun, and Triton was captured 
by Neptune, with Pluto not involved at all. 

This too seems to have drawbacks, as the 


, capture of Triton would involve a very special 


set of circumstances, but it cannot be ruled 
out. On the other hand, it may well be that 
there are many asteroid-sized bodies in the far 
teaches of the Solar System, in which case 


Pluto may be merely the brightest of them— 
though admittedly this does not explain why 
Triton, alone among large satellites, has an or- 
bital motion opposite to that of the axial spin 
of its primary planet. 

Perhaps Planet X, if it exists, will throw 
new light on the problem. Unfortunately none 
of the probes now moving outward from 
the Sun will go anywhere near Pluto, but 
Voyager 2 is scheduled to by-pass Neptune 
and Triton in 1989, so we may have new 
information then. 


HALLEY UPDATE 

Halley’s Comet is brightening steadily, and 
has now been seen visually with large 
telescopes, but it will be lost during June, when 
it is in conjunction with the Sun. Regular ob- 
servations by amateur observers are unlikely 
to begin before August, when the magnitude 
will rise to about 13 and the comet will be a 
morning object in Orion. 
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EX navy oscilloscope, 4}" twin trace with 
cathode follower probe operating and servicing 
manual £75. G. H. Putterill.051 487 8318. 
CASIO keyboard PT5O for sale. Very good con- 
dition. Boxed with manual. £75.00 including 
p&p o.n.o. Mr, N. Armstrong, 2 Allandale Road, 
Harraby, Carlisle, Cumbria CA1 3SJ. 

KODE Datavet p.s.u. seven outputs + 5V(3), 
—9V(1), +12V(2), +30V(1). 27 amps. total. 
Good working order. £35. C. Hellen, Vine Cot- 
tage, Main Road, Alresford, Colchester, Essex. 
Tel: Wivenhoe (020622) 5671. 

AMSTRAD CPC464 almost new. Few books & 
magazines. Need to sell fast hence £200. 
Telephone 0908 664708. 

WANTED ic. and/or replacement data for 
MFC4060A and TDB 1033. E. Turner, 38 North 
Drive, Orpington, Kent BR6 9PQ. 

UK101 (48K) 8 inch disk drives (2) + Cegmon + 
Eprom blower plus ... £300. Telephone 
(weekends) 061-273 8364. 
100 untested 2W Zener diodes 75p + postage. 
Wanted plug-in Teletext unit. J. Fulton, Derry- 
naseer, Dromore, Co. Tyrone BT78 3BE. 


Please publish the following small ad. FREE in the next available 
issue. | am not a dealer in electronics or associated equipment. | 
have read the rules. | enclose a cut-out valid date corner. 
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Please read the RULES then write your advertisement here— 
one word to each box. Add your name, address and/or phone no. 

COUPON VALID FOR POSTING BEFORE 7 JUNE, 1985 


(One month later tor overseas readers.) 


SEND TO: PE BAZAAR, PRACTICAL ELECTRONICS, WESTOVER 
HOUSE, WEST QUAY ROAD, POOLE, DORSET BH15 1JG. . 


BAZAAR 


13 reels unused, Tandberg T.G.B. sound tapes 
1,800 ft. long play, 7" reels. Offers plus postage. 
L. T. Hill, 14 Rothesay Terrace, Bedlington, 
Northumberland. 

EPSON FX80 printer as new. Paper interface 
lead manual cover in carton. £350. Mahen, 241 
Norbury Crescent, London SW16 4LF. Tel: 01- 
764 0839. 

STRAIN gauge amplifier type 605A. High grain 
amp in diecast box, switched gain, 12 volts d.c. 
£3 inc. p&p. Mr. Wyer, 2 St. Edmund Place, 
Dundee, Scotland. 

GAMES boards Z80 lots TTL 2716 ram £14. 
Two each Z80 sound 8255 £22, 2708 20p, Mr. 
D. J. Lakey, Orchard Cottage, Draycott Road, 
Blockley, Glos. GL56 9DY. 

WANTED UK10is in working order uncased 
unexpanded preferred reasonable price paid. P. 
B. Unstead, Threeways, Hambro Hill, Rayleigh, 
Essex. Tel: 0268 743113. 

FOR sale: volumes 1 & 2 of J. Atkinson’s book: 
Telephony’ (Pitman Publishing Ltd.) £50 in- 
cluding p&p. Mohammad Ammar Alsalka, PO 
Box 12579, Damascus, Syria. 


RULES Maximum of 16 words plus address and/or phone no, 
Private advertisers only (trade or business ads, can be placed in our 
classified columns). Items related to electronics only, No computer 
software. PE cannot accept responsibility for the accuracy of ads. or 


for any transaction arising between readers as a result of a free ad. 
We reserve the right to refuse advertisements. Each ad. must be 
accompanied by a cut-out valid ‘date corner’. Ads. will not appear 
(or be returned) if these rules are broken. 


48K TRS-80 III, 1-disk, high-res, board, thermal 
printer, CGP-115 plotter—software + manuals. 
Home/business system. £1500 o.n.0. Nigel 
Crook, Stoney Lane, Ambleside, Cumbria LA22 
9AZ. Tel: 0966 33441 (after 6pm), 

WANTED RS232 interface with documentation 
for ZX81. Price negotiable. Mr. P. Feetenby, 6 
Tewin Close, St. Albans, Herts. AL4 9XL. Tel: 
0727 38563. 

DETAILS to convert Grundig super colour 
A2102 C.T.V. for R.G.B. input required. Any help 
appreciated. Joseph Conroy, 2 Annalee Park, 
Butlers Bridge, Co, Cavan, Rep. of lreiand. 

74 LS783 and 2764, £4 each. £35/10, 6BO9E 
£3.50 each. £30/10. Small quantity. First come, 
first served. Nil Spiers, 114 Greenway, Tunbridge 
Wells, Kent TN2 3JN. 

FOR sale broken LP3 logic probe. NO CCT 
diagram, Cost £54, Will accept £20. No offers. P. 
Moane, 11 Milverton Terrace, London NW6. 
TWO Apple |i disc drivers + interface. Open to 
reasonable offers or deals. A reasonable os- 
cilloscope preferred. R. Harvey, 24b Warwick 
Road, Keynsham, Bristol BS18 2PW. 
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N RESPONSE to reader enquiries, I shall be 

bending the column's rules slightly this 
month by starting with a “longish” listing. 
This is an interrupt-driven routine for last 
month's numeric keypad. Then, as promised 
last month, a real time clock for connection to 
the user port will be presented. 


KEYPAD DRIVER ROUTINE 


The keyboard test program given last 
month has a number of drawbacks in practical 
use, The major snag is that any program using 
the keypad must include the software to set up 
the user port, and must then test the keypad 
for key depressions whenever any user input is 
expected. This all becomes extremely tedious, 
especially if the user is to be allowed to use 
either the micro’s keyboard or the numeric 
keypad. What we really want is for user 
programs to be unaware of whether, for ex- 
ample, the “5” key has been pressed on the 
keyboard or keypad; and preferably to be un- 
aware that the extra keypad is fitted at all. 

Having said what we want to be able to do, 
the next step is to formulate a strategy. In 
general, the steps we need to follow are 
described as follows: 

Set up: 

(a) Configure the keypad unit to signal the 
user VIA whenever a key is pressed. 

(b) Install an interrupt service routine in the 
micro to handle interrupts from the user 
VIA. 

(c) Identify this user interrupt service routine 
to the MOS. 

(d) Configure the user VIA to interrupt the 


satisfies (a) above; all of the other require- 
ments involve software. First, however, we 
need to find somewhere to ‘hide’ the interrupt 
software. This is not usually too much of a 
problem because the lower part of the micro’s 
memory (i.e. below PAGE) has a number of 
reserved areas, and we can usually find one of 
these spare. Memory pages which are can- 
didates for locating the keypad software are 
given in Table 1. In a cassette machine, there 
is a further area available between ODOO and 
OD9E; this is normally reserved for NMI 
handling, but NMIs are only used by the disc 
interface, 

In a disc-based machine which does not use 
the RS423 port, for example, page A (i.e. the 
256 bytes starting at OAOO) will be unused, 
and is suitable for storing the keypad routine. 
The actual selection of the space to be used 
will rather depend on your micro’s expansion 
state, and the facilities which you wish to use 
at the same time as the keypad. Listing | uses 
the page starting at OAOO, but this may be 
altered simply by changing the value in line 
100. 

Once the program in Listing 1 has been 
typed in, save a copy before running it; 
machine code interrupt programs with bugs in 
them have a nasty habit of completely 
crashing the system! When you run the 
program, an assembler listing will be 
produced, If the program produces no errors 
when run, the keypad will be active, and you 
can carry on and use the micro as if it had 


always been fitted with a keypad. To de- 
activate the keypad, the easiest way is to press 
BREAK, which will restore the initial state of 
the user IRQ vector (IRQ2V). Alternatively, 
restore the original value of IRQ2V which the 
program stores in the two-byte area starting at 
“vector”. For those interested in the workings 
of the routine, a summary is given in Table 2; 
the voluminous comments in the original 
listing have been stripped off in the interests of 
economy of space. 

As mentioned last month, the keypad could 
be re-programmed so that the keys have 
special meanings other than their engraved 
numbers. This involves changing/extending 
the code between lines 450 and 540 to insert 
the required character string (corresponding to 
the key pressed) into the keyboard input buf- 
fer, instead of a single ASCII value. Remem- 
ber, however, that the string should not cause 
the keyboard input buffer to overflow (it is 
only 32 characters long). My own favourite 
use of the keypad is to re-program the keys for 
filing system commands. Any suggestions for 
novel applications are always welcome at 
“BBC Micro Forum Letters”. 


REAL TIME CLOCK 


Because of the “Welcome” software readers 
will be aware that the BBC Micro includes 
some basic timing facilities. If watched for any 
length of time, however, it is clear that this 
software “clock” is not absolutely accurate, 
particularly when discs are in use. In practice, 
the TIME variable is an elapsed time counter, 
based on the system VIA, which is started 
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pins 14 and 4 on the user port, i.e. connect the 


Data Available signal to CB2. This extra link Listing 1. Machine code keypad routine Table 2. Program Structure 
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terrupts. The other problem, in addition to ac- 
curacy, is that the software clock is reset every 
time the micro is switched on. 

The real-time clock to be described over- 
comes these problems affecting the micro’s 
TIME facility because it is a hardware rather 
than software clock. It consists of a special 
purpose i.c., similar in many respects to a 
digital watch, and features a backup battery to 
maintain the time even when the micro is 
switched off. The completed unit can be built 
for around £15. 

The circuit for the complete real time clock 
is shown in Fig. 1. At the heart of the unit is 
the MM58174 clock ic. (also available from 
RS as 304-548). The i.c. uses a low cost 
32-768kHz crystal for timekeeping, with fine 
time adjustment provided by the trimmer 
capacitor. The signal produced by the os- 
cillator stage is passed to a series of dividers, 
which in turn produce tenths, units and tens of 
seconds, units and tens of minutes, units and 
tens of hours, units and tens of days, units and 
tens of months. In addition, the divider chain 
also keeps track of the leap year cycle and the 
day of the week. A series of 16 registers serve 
to hold the time information and to control the 
operation of the clock, as shown in Table 3. 

The nominal 3-6 volt 100mAh p.c.b. bat- 
tery is a widely available low cost item (e.g. 
RS 591-477). When fully charged, the battery 
has enough capacity to keep the clock going 
for two to three months after the micro is 
switched off, or after the unit is disconnected, 
Switch-over to the low power standby mode of 
operation is automatically performed by the 
ic. when the supply voltage falls below 4-0 
volts. The battery is topped up by being trickle 
charged whenever power is available from the 
micro. 

The negative write strobe is required by the 
ic. only when setting up the clock registers in- 
itially. Therefore, and because I/O lines on the 
user VIA are limited, steering logic has been 


used to allow manual switching between the 
read and write modes. Although not the most 
elegant approach, this does avoid much com- 
plicated latching. The manual switch-over is 
only necessary during initial setting up, and 
thereafter all operations involve only reading 
from the clock. An alternative approach to 
this problem will be described in a future 
column (when a clock for connection to the 
1MHz bus will be described), but for the pre- 
sent this simple interface will be quite ade- 
quate for most applications. The single tran- 
sistor connected to the negative chip select line 
provides an active logic 0 source, and allows 
the i.c. to function correctly in standby mode. 

The prototype unit was built on a small 
piece of veroboard and connected to the micro 
via the usual 20-way cable, with a plug and 
socket arrangement at each end. The clock 
and logic i.c.s are static-sensitive, and so were 
fitted in d.i.J. sockets. The link shown on the 
circuit should only be made after the i.c.s have 
been installed in their sockets, but with the 
unit disconnected from the micro. The link 
also allows the standby current to be 
measured, and should be less than approxi- 
mately 501A. No other special constructional 
considerations apply. The fine adjustment of 
time allowed by the trimmer capacitor allows 
the clock to be speeded up by reducing the 
capacitance (vanes open on the trimmer). 
Conversely, increasing the capacitance will 
slow down the clock. The effect of adjusting 
the trimmer will, however, take a number of 
days to become noticeable; start with it at the 
half-meshed position. 


SETTING UP 


When the unit is powered up, it is necessary 
to enter the correct time into the registers, and 
then start the clock running. In practice the 
process is a little more complex than as just 
described. 


Fig. 1. Real Time Clock Unit 
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First the clock must be set in normal mode 
(write a 0 to register 0), the clock stopped 
(write 0 to register 14), and the interrupt latch 
cleared (write a 0 to register 15, and then read 
this same register back three times). The 
seconds, minutes, hours, days and months 
counters are then each loaded with the start 
time data. The year status register (13) should 
be set to 8 for a leap year, 4 for the 2nd year, 
2 for the 3rd year, and | for the 4th year in the 
leap year cycle. Finally, the day of the week 
register (10) counts continuously from 1 to 7, 
and should be set to an appropriate value (e.g. 
Monday = 1). 

In order to write a value to a register, the 
mode switch must be set to write, the data to 
be entered must be set up on the 4-bit data 
bus, the address in Table 3 must be set up on 
the 4-bit address bus, and a negative write 
strobe given. All registers are set up in the 
same way, and the clock is then started at the 
required instant by writing a logic | to register 
14, Once the clock has been started, the mode 
switch should be returned to the read position. 
Data may then be read back from the time 
registers by setting up the register address and 
applying a negative read strobe. Should the 
clock be read while the registers are being up- 
dated, a code of ‘1111’ will be returned to in- 
dicate that the time must be re-read, 

A final note of warning, programs written 
in BASIC will not run fast enough to allow a 
continuous display of time and allow the clock 
to keep accurate time; something which’ you 
may otherwise find out the hard way (I did!). 


NEXT MONTH 


NEXT MONTH BBC Forum will include 
software for setting up and reading the real- 
time clock, and will be starting to look at the 
analogue port. 


Table 1. Memory Assignments 
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OCOO-NCFF Lise: defined aliareacters 


Table 3. RTC Registers 
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HE Currah Speech 64 is a fairly sophisticated speech syn- 

thesiser for the Commodore 64 computer (a version for the 
Spectrum is also available incidentally). It connects to the car- 
tridge port rather than, as one might have expected, the user 
port, and apart from the short lead and plug that carry the audio 
output the unit looks just like an ordinary program cartridge. In 
fact the Speech 64 does include some firmware to aid the 
production of the required phrases, and it is for this reason that 
it has to interface to the computer via the cartridge port instead 
of the user port. The lead and five-pin DIN plug connect to the 
audio input on the audio/video socket of the computer so that 
the speech, like the ordinary sound output of the computer, is 
reproduced through the sound channel of the television set. If the 
computer is used with a monitor it could be awkward to connect 
everything properly, but provided the monitor has an audio 
channel which reproduces the normal sound output of the com- 
puter properly, it should be possible to obtain satisfactory 
results. 


In Operation 

With the Speech 64 unit connected and the computer 
switched on, the command INIT has to be used before the unit is 
brought into action. With a few exceptions such as RUN/STOP 
and RESTORE, pressing a key results in the name of the key be- 
ing spoken through the sound channel. This is useful as the unit 
uses the allophone system of speech synthesis, and it enables the 
user to quickly become familiar with many of the sounds that 
are available. For those who are not familiar with the allophone 
system it should perhaps be explained that the synthesiser has a 
vocabulary of basic sounds rather than whole words. The re- 
quired phrases therefore have to be built up by stringing together 
suitable allophones. Pressing letter keys gives what are in most 
cases single allophones, but when the keys such as RETURN 
and the SPACE bar are operated a sequence of allophones to 
produce the whole word is obtained, demonstrating the way in 
which perfectly intelligible words can be produced from a series 
of basic sounds. 

Compared to the whole word approach the allophone system 
has the drawback of slightly lower speech quality and it is 
generally a little slower and more difficult to use. In truth a well 
designed and sophisticated speech synthesiser based on the 
allophone system can, nevertheless, be quite easy to use, and can 
offer surprisingly good speech quality. It would be fair to say 
that the Speech 64 unit is in this category. The advantage of the 
allophone method is that it gives an unlimited vocabulary in- 
stead of typically only about one or two hundred words for 
whole word synthesisers. 


Strengths and Weaknesses 

Running through the keyboard shows up the strengths and 
weaknesses of the synthesiser as far as accuracy of pronuncia- 
tion is concerned, and the only peculiarity is the American zee 
rather than zed for the Z-key. The Speech 64 is built in the UK. 
After initial familiarisation the keyvoices can become a little 
irksome, but they can be switched off and on using KOFF and 
KON. There are two different voice pitches available, and the 
higher of these is the default setting. KON 0 selects the lower 
pitch, which is substantially lower and gives the unit what are ef- 
fectively two completely different voices; something which could 
be useful in practical applications. In a lighter vein, the computer 
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can be made to hold a conversation with itself. The lower voice, 
although perhaps the less natural sounding one, seems to give 
marginally clearer speech. For instance, the difference between 
the N and M sounds is more apparent with the lower pitched 
voice. 

With simple allophone speech synthesisers it can take quite a 
lot of effort to produce even quite short phrases due to the need 
to continually look up allophone addresses. With the Speech 64 
this is unnecessary, and with the aid of the SAY instruction it is 
virtually just a matter of typing in the required words in their 
normal English form. Unfortunately, it is not quite that simple as 
letters are pronounced different ways in different words, and 
some manipulation of words is sometimes required i in order to 
obtain the desired result. For instance, the line:— 

SAY “HELLO ROBERT PENFOLD” 

would give reasonable results on the first and last words, but 
would interpret the word ROBERT as two syllables, ROBE and 
RT. This can be corrected by using an apostrophe (which gives 
a very short pause) to break up the word in the correct way. In 
other words:— : 

SAY ‘“SHELLO ROB’ERT PENFOLD” 

would give the correct pronunciation. In other cases purposely 
misspelling words can give the correct pronunciation. 


Intonation 

It is possible to use the allophones directly, and as they are 
selected using one, two, or three letter mnemonics rather than 
numbers this is still a fairly easy way of generating phrases. The 
code letters have been chosen to relate to their sounds in a very 
obvious way (wh as in which for example). The code letter or let- 
ters are placed in square brackets to indicate that the direct 
mode is in use, and two or three letter codes are placed in 
brackets to indicate that they form a single code. For the user 
who has gained’ some experience with the unit the direct 
allophone mode is probably the one that will give the best 
results. 

A common and often justified criticism of speech syn- 
thesisers, particularly the allophone type, is that of a very 
mechanical sound due to a lack of any pitch modulation in the 
voice. In the direct allophone mode the Speech 64 unit can in 
fact produce intonation, and a much more realistic voice sound. 
This works in a very simple way with codes in upper case letters 
being intonated (which in practice really just means raised 
slightly in pitch), and lower case codes being reproduced nor- 
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mally. With careful use this can give surprisingly good and 
realistic results. As a simple example of how intonation can be 
used to good effect, words are often spoken with an initial pitch 
that is higher than the final pitch, especially when they occur at 
the beginning of a sentence. The word hello could therefore be 
intonated in this manner:— 

SAY “tHE(11)(o0)-” 


The Currah Speech 64 


Due to the Commodore 64’s twin character set, which does 
not include lower case characters in the normal set, some care 
has to be taken when using intonation as mistakes are easily 
made, but one soon gets the hang of things and it is well worth 
making the effort to master this aspect of the unit. The improve- 
ment in realism can be quite marked. Intonation is available on 
both the high and low pitched voices. 

A speech buffer can hold up to 256 allophones so that 
programs are not halted while phrases are reproduced, but ac- 
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cidentally overflowing the buffer must be avoided as this would 
result in phrases being lost. 256 allophones represents about 30 
seconds worth of speech and should be more than adequate. 
However, a variable called SP% contains the number of free 
bytes in the buffer, and.can be brought into action in situations 
where there is a danger of the buffer overflowing. 

The Speech 64 can be operated from machine code if 
required, but this is a relatively difficult 
way of doing things as the allophones 
have to be accessed via their address 
numbers. The unit is provided with a 
small 16-page booklet which covers more 
advanced topics such as machine code’ 
programming of the unit as well as the 
basics. It also includes a Speaking Clock 
program which demonstrates the capa- 
bilities of the synthesiser. Bearing in mind 
the ease with which the unit can be used 
the modest sized manual is more than 
adequate, and is both well written and 
easy to understand. 


Conclusion 

The Currah Speech 64 is certainly an impressive product, and 
although it may seem expensive when compared to a simple 
home constructed speech synthesiser based on the SPO256 
(which is presumably the chip on which the unit is based) it is 
really in a different league. The built-in firmware, two voices, 
and intonation capability enable speech of. quite reasonable 
quality to be easily generated. No real flaws or even minor ones 
came to light when testing the unit. 
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This low cost unit is an ideal add-on for elec- 
tric guitars, providing a wide range of musical, 
effacts. The unit incorporates six graphic 
equaliser channels with centre frequencies 
between 5OHz and 15kHz._ 
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Use your microcomputer as 4 piece of photographic 
test equipment. This is a simple and inexpensive 
camera tester, yet will do what normaily requires 
costly apparatus. 
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Ingenuity 


Why not submit your idea? Any idea 
published will be awarded payment at 
£40 per magazine page. 


Each idea submitted must be accompanied by a 
declaration to the effect that it has been tried and 
tested, is the original work of the undersigned, and 
that it has not been offered or accepted for publica- 
tion elsewhere. It should be emphasised that these 
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OP-AMP SIGN 
CHANGER 


HIS useful application circuit is little 

used by the electronics experimenter, 
but has plenty of applications in signal 
processing at low frequencies. 

In Fig. 1, with the arm of VR1 at posi- 
tion ‘B’, the non-inverting input is groun- 
ded causing the circuit to act as normal in- 
verting amplifier with unity gain. This will 


Rt R2 
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give an output where V2 = —VI1. If the 
arm is now moved to position ‘A’ then V1 
is applied to both ends of R1, Also as no 
signal current flows through the op-amp, 
there can be no current in R2, thus V2 = 
+Vi1. 

With the arm in the mid position, V1/2 
is applied to both inputs and with good 
common mode rejection obtained with 
modern op-amps, V2 = 0. This set up can 
be very useful as a phase inverting gain 
control stage and can be calibrated with a 


designs have not been proven by us. They will at any 
rate stimulate further thought. 


Fig. 2. 
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" scale such as: +high, 0, —high. 


In Fig. 2 a similar circuit is being used 
to simulate parallel tuned circuit response. 
With VR1 set to reject the input signal, the 
source impedance feeding L;, C, is equal to 
10K. This allows the filter to be variably 
tuned and also cascaded, Other applica- 
tions for Positive Impedance Converters 
(PICs) were featured in Practical Elec- 
tronics, June 1981. 

A.B. Bradshaw, 
Sandy, Beds. 
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Digital Delay 


Sound Sampler 


WITH COMPUTER INTERFACE 


John M.H. Becker 


i ice project described here consists of a 512K integral 
memory block arranged as a 64K x 8-bit sound sampler. 
With the associated compander and filter network, an 
equivalent resolution of 15-bit sampling is achieved, allow- 
ing a 15kHz bandwidth. For ordinary musical use, the delay 
available is constantly variable from 4ms to 8s and for 
special effects it can be extended up to one and a quarter 
minutes. 

Delay selection is normally by a special wow-less circuit. 
Panel controls enable the unit to be used for echo, reverb, 
double tracking, phasing, flanging, chorusing, vibrato, 
amongst others, plus looped signal storage. It can also be 
linked to a computer in place of the internal memory, enabl!- 
ing a wide variety of sound sampling and modification 
parameters to be program controlled. An example of a sim- 
ple control program will be given later. 


DELAYS 

Over the years there have been a variety of methods used 
to provide echo and reverb effects but the coming of bucket 
brigade devices has greatly enriched the variety of these ef- 
fects by allowing a readily variable delay. By now BBDs 


must be common knowledge, but as a quick recap, in them, 


there are many storage stages, 1536 in the recently in- 
troduced TDA1097. The first stage repeatedly samples the 
analogue level of the signal applied. As each charge is stored 
so the previous charges are all moved on by one place. At 
the output they emerge in sequence at roughly the same 
levels as they went in, and at a rate variable by changing the 
transfer clocking frequency. 

This method is excellent for short delays, and its beauty is 
the simplicity of the associated control circuitry. The in- 
herent drawback though, is that each time the charge is 
transferred from stage to stage, a very slight deterioration 
occurs. Up to several hundred milliseconds, this is largely in- 


significant, and indeed in many units, delays of even 1s can — 


be achieved by cascading several of the low noise 
TDA1097s together. For much longer delays though a 
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digital sampling unit is essential, and increasingly practical 
with the continuing miniaturisation of memory devices. 


DIGITAL DELAY UNITS 

Whereas in an analogue unit many transfer conversions 
take place, with digital units only two conversions are 
needed irrespective of the number of stages. In a simple unit 
a sample is taken of the voltage level of a signal at a par- 
ticular point in time. This voltage is converted to an 
equivalent number which is stored in a known memory area. 
Subsequently the number is retrieved from memory and 
converted back to a voltage again. For as long as the number 
is in memory it is available at any time for reconversion, and 
so theoretically the delay between sampling and reading 
back can be infinite. In this way deterioration can only occur 
twice, at the analogue to digital, and the digital to analogue 
conversions, irrespective of the delay time. 


ATO DCONVERSION 

In broad terms, in a digital delay unit, the first thing to 
consider is the analogue to digital conversion. The maximum 
range of output numbers available is finite, and is usually 
limited to the range O to 255. The signal presented must 
therefore not exceed that range. The A to D process is not in- 
stantaneous so the unit must be told when to do its conver- 
sion, and as we may not want the result immediately, it must 
be stored temporarily, and the device told not to do any 
more conversions until the first has been used. 

When we are ready for it, it has to be transferred to a 
known location in the long term memory so that we can find 
it at a later time. This means that an address location num- 
bering system is needed. In the compact memory chips used 
here the address data required is in a column and row grid, 
so the address has to be split into two sections, one for each. 
The memory handles these two sub addresses at separate 
times, so it needs to be told which section is which, when to 
deal with it, and whether it is to store or read data at the 
specified address. 
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Having stored the data at one location, we will usually 
want to read back data from an earlier location. So we need 
to change the address, and its row and column data. The 
memory of course has only one set of address lines, conse- 
quently we need a set of gates so that when the Write ad- 
dress is needed, the Read address is shut-off, and vice versa. 

When the stored data has been found the next considera- 
tion is that the memory input and output lines are mutually 
joined to the A to D and to the D to A converters. The timing 
sequence must therefore tell the D to A not to listen to data 
being written to the memory, and the A to D to ignore data 
being read back. When permitted, the D to A takes the 
numerical data from the memory and converts it back to a 
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| 
| Fig, 1. Block diagram of the | 
t complete unit 


voltage level equivalent to that originally presented to the A 
to D at the start of the timing cycle now concluded. 

At the start of the next cycle another bit of analogue data 
must be sampled, and another previously stored bit read 
back, so the Write and the Read addresses must both be up- 
dated. This process continues indefinitely and in this unit 
with 64K (bytes) of memory, 65536 different address loca- 
tions are available {in computer terms 1K of memory ac- 
tually means 1024 locations, so 64 x 1024—65536). Even- 
tually of course all addresses will have been used up, at 
which point the counter resets to the first address and con- 
tinues through again, overwriting the previous data. 

So far so good, we are successfully sampling an analogue 
signal, storing it, reading back an earlier bit, and reconverting 
it to a signal. However, none of this process is instan- 
taneous, and a delay occurs between sampling the first bit of 
data, and the next. In the meantime the input signal has 
probably changed its level and when sampled, digitalised 
and reconverted to analogue, a noticeable step in the output 
analogue signal will occur, representing the two different 
sampling points. Fortunately this can be readily filtered so 
that the step variations are smoothed out and the resulting 
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SAMPLING 
A-0 


A-O 


MUSIC PROJECT 


reconstituted signal is usually barely discernible from the 
original, providing the sampling rate is fast enough. 

After filtering, the signal can be fed to the usual amplifier. 
In a practical circuit, a number of other things can be done 
as well, such as feeding the signal back upon itself, or mixing 
it with the original, and varying the rate at which the sampi- 
ing occurs by modulating the sampling control with another 
oscillator. Let’s now look at this idea in detail. Fig. 1. shows 
the schematic block diagram. 


BLOCK DIAGRAM 


In addition to the main blocks already referred to, it will be 
seen that other facilities are also catered for. There is a 
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variable level and gain input preamp, a compressor to limit 
the dynamic range of the signal, so effectively increasing the 
data storage capacity, and an expander to restore the range. 
The Read Only selector enables a loop of data in the memory 
to be constantly repeated, and the pitch and duration varied. 

The inclusion of the external computer and interface 
trigger blocks, allows the unit to be used with its own 
memory, or with that of a separate computer. It is not 
necessary though to own a computer in order to use the 
delay unit, as its own internal memory makes it self- 
contained. 


INPUT PRE-AMP & MIXER 

In Fig. 2. an audio signal is brought into the initial level 
control VR1, and can come from a wide variety of sources, 
such as high output microphones and musical instruments, 
cassette recorders, effects units, and mixers. Within reason 
the input can be of fairly indiscriminate level, but in order to 
retain good signal to noise characteristics, should preferably 
already be at a leve! between about 1V and 4V pk-pk. 

Higher levels can be accepted as VR1 can reduce the 
level. The preamp stage !C1a has a gain controllable by VR2, 
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to set a gain factor of between 1 and 10, but remember that 
any noise present in the signal will be amplified if VR2 is in- 
creased. From |C1a the signal is split, part going to the final 
output mixer via VR4, the rest going to IC1b which also 
mixes in delayed signals fed back via VR3. 


COMPANDER 

A compander is a combination of two circuits, one a com- 
pressor, and the other an expander. The idea is to compress 
the overall signal range so that more can be put through a 
processing unit without overloading it, and then to restore to 
the original range by an equivalent expander. Ignoring the ef- 
fect of the intermediate processing unit, the output signal 
will be the same as the original. Compressing the range is 
not the same as reducing the level, for in overall level reduc- 
tion already low level signals will be lost and cannot be 
regained by increasing the volume. 

Table 1. shows the results obtained with this unit. Column 
1 shows several readings taken of a signal with its dynamic 
range covering 10mV to 4V, a range of 400 to 1. This goes 
through the compressor which produces an output level of 
100mV for 10mV fed in, and 3V for 4V fed in. The dynamic 
range has now become 30 to 1, as shown in Column 2. A 
level reduction occurs at the A to D converter, and the out- 
put from the D to A unit is in Column 3. The signal then goes 
through the expander and is restored to the original 400 to 1 
range as seen in Column 4, 


OUTPUT 
FROM FROM 
COMPRESSOR 


EXPANDER 


Table 1. Compander stage voltage levels 


Without the companding process it would be necessary 
either to accept a lower dynamic range, or to use enlargedA 
to D and D to A converters, plus extra memory chips. For 
compression the signal passes through IC2a and to half of 
the compander chip IC3. This detects the signal level, and 
reduces its gain as the level increases, making feedback ad- 
justments to |C2a. After processing, the signal then comes 
to the second part of IC3, which also detects the level, and 
makes the necessary gain changes in conjunction with IC2b 
in order to restore the range. VR6 to VRQ linearise the 
waveform and optimise d.c. bias levels. 


PRE-EMPHASIS 

In any clock controlled sampling unit, it is at some stage 
after processing, necessary to eliminate the residual samp- 
ling steps by filtering. In the act of filtering out high fre- 
quency sampling steps, a certain amount of upper signal fre- 
quency is also lost. This can be partly compensated for by 
emphasising upper frequencies of the original signal before 
processing, so that after filtering not too much overall loss 
occurs. Pre-emphasis is given here at the compression 
stage, and is essentially determined by C4 and C7. C65 limits 
the maximum frequency range emphasised to reduce in- 
teraction at normal sampling rates. Partial de-emphasis is 
given at the expander by C17, but the filter does the main 
job. Photos 1 to 3 give some idea of the effect. 
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EMPHASIS PHOTOS 

A triangle waveform is used for illustrative clarity, and 
although it looks like a single frequency, in fact higher fre- 
quency harmonics are also present. In itself a 100Hz signal 
is below the pre-emphasis point, but the implicit higher har- 
monics of the waveform peaks are shown to be modified. At 
1kHz, the signal is partly in and partly out of the emphasis 
range and is shown to be notably changed. At 1OkHz there is 
barely any obvious shape change, though a slight rounding is 
apparent due to the restriction of the upper limiting 
capacitor. 


Photo 7. Slow rate 


Photo 8. Fast rate 


In Photos 4 to 6, the same emphasised frequencies are 
shown before and after sampling by the Ato D andDtoA 
converters. In photos 7 and 8, a 1kHz signal has been sub- 
jected to sampling at two different rates. The lower trace 
then shows the results of passing the reconstituted signal 
through the expander and the filter. The filtering has 
removed the sampling steps and reformed the shape. This 
has still slightly rounded off the tops of the waveform, but far 
less so than would be the case if pre-emphasis had not been 
given, when much greater rounding and level reduction 
would result from filtering. 


FILTER STAGE 

From the expander, the signal also goes to the low pass 
filter stage around IC4. It consists of two transconductance 
amps which in this configuration cause low pass filtering to 
occur at a range determined by the values of C22 and C23 
and the current flowing at their control nodes as set by 
VR10. 
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Resistors 
R1-R6,R24, R30-R32, R35, 
R39,R41,R44,R65 : 400K (1 5 off) 
R7,R13 2 << . & 830kK42 off} 
R8 : 5 Oak. 3 
R9,R38 e AB8Kk (2 off) 
R10,R23 ~ 2k212 off) 
R11,R12,R14, R15, R19.R20,' 
R36,R40,R42,R50,R75,R76. 47k (12 off) 
R16,R22 . 68k {2 off} 
R17,R18,R25,R26,R47,R62, 
R63.R71 4k7 (8 off} 
R21,R28,R29,R33,R34,R82 _ 1k (6 off) 
R27,R49,R72. & ° “200k {3 off} 
R37,R43;R48,R52—R61,R64, 
R73:R74,R77-R79 
R45,R51 
R46,R69 
R66 
R67 
R68 
R70 
R80 
R81 
All resistors }W 5% carbon 


10k {1 9 off) 
390 (2 off) 
200 (2 off) 


Potentiometers 
VR1,VR3,VR4,VR1 4 100k log. mono. rotary 

(4 off} 

VR2,VR10,VR18,VR20 4M mono. rotary (4 off) 

VRS 250k skeleton 

VR6-VRS8,VR13 100k skeleton (5 off) 

VR12 10k log. mono. rotary 

VR14 1k mono. rotary 

VR15 10k mono. rotary 

VR16 5k skeleton 

VR17 1M skeleton 

VR19 100k mono. rotary 


Capacitors 
, - Se ray ae 6,C88, Th elect. (16 off} 
C4,C5 4n7. polystyrene (2 off} 
C7,C16,C29, C30,033. G33, g 
C36 47. elect, (7. off} 
GtZ ee & ~/«» ©. 10n polystyrene 
1 3,021,035 -op0 » *83p-6V elect, (3/off) 


At the minimum resistance of VR10 the filter makes little 
differences to audio signals, but at maximum gives a 24dB 
cut at 1kHz, and a 50dB cut at 10kHz. As will be seen in the 
sampling frequency section, the frequency of the controlling 
clock can be.varied as one method of varying the amount of 
delay, As the controlling frequency reduces, so a lower band 
pass range is required to clean up the sampled waveform. 
Hence the choice of manual control. The filter can of course 
also be used as a treble control. 


OUTPUT MIXER 

The processed signal from the filter can be switched in or 
out by S3, and its level controlled by VR11. From there it 
goes through the mixer stage at a gain of 5, and then to your 
usual amplifier, cassette recorder etc, with the final output 
level controlled by VR12. At this stage, the original signal as 
determined at 1C1a can be brought in via VR4, for which 
route ICic gives a gain of 2. Selection of effects,pass or 
bypass can be selected, together with the choice of balanced 
mix of original and processed signals. 
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C14 ¢37, C47 ~ * 1000p 10V élect. (3 off) 
€17 330p.polystyrene 

, C20,C42;'C43,C49, St 69 100n (14 off) 
C22,€23,639 x 4 _ 180p polystyrene (3 off) 
C28,C48. ~ “ 220n (2 off) 


C31 ’ 33p 
C34,C38,C40,C41, 


15p palystyrené (6 off) 
1n polystyrene 


1N4148 (2 off) 
5V1 400mW Zener 
1A bridge rectifier 
“TLO84 
C2, 1C25_ TLO82 (2 off) 
1C3 ; 571 
1c4 . &LM13600 
IC5,1C7 ’ ZN448 {2 off} 
ic6 , ZN428 
1¢8 4040 
Ic 4024 
1C10,AC41 4008 (2 off} 
1€12-IC14 4053 (3.off) 
IC15-IC22 4164..15 (8 off} 
1C23 ~ 4093 
1€24,1C32,IC35 4528 (3 off) 
1C26 4046 
1C27 4017 
1€28 4071 
IC29 4072. 
iC30 4075 
1€31 AQ69 
1C33,1C34 . 4066 (2 off 
iC36 7805 regulator ° 


Constructor’'s Note: 

A full kit of parts or separate 
p.¢.b.s .are available from 
Phonosonics,. Dept. DDL, 
8:Finucane Drive, Orpington, 
Kent-BR5 4ED. (Send S.a.8, 
for détails). 


Switches 
$1 n.o. push’switch 
$2.-S7 s,p.d.t: (6. off) 
$8, S9d.p.dit. (2 off) 
Miscellaneous 
P.c,b.$:(5. off) 
‘Fuse and holder 
LP1 mains neon 
Knobs for pots:{12 off} 
Rubberfeet 
P:¢.b. clips 
Transformer-6V, 6VA pocouaty 
}.c. sockets (various) 
Wire, solder, etc. 
Mono jack'socket {2 off) 


ATODANDDTOA 

The A to D conversion in this unit is performed by an 8-bit 
sampling chip IC5 (Fig. 3.). The analogue signal comes from 
the compressor to pin 6 of IC5. The conversion is controlled 
by two sources, a pulse to start each conversion and a clock 
frequency to control its rate. 

Upon receipt of the negative going convert trigger on pin 


4, and during the next eight clock pulses on pin 3, it suc- | 


cessively calculates the equivalent binary representation of 
the signal voltage present. During the conversion, the binary 
output is held closed in a high impedance state by a positive 
voltage on pin 2, and pin 1 is automatically low. Upon com- 
pletion of the conversion pin 1 goes high, but the output 
remains closed until enabled by the contro} voltage on pin 2 
going low. The binary output then corresponds to a decimal 
number in the range O to 255. The signal level must 
therefore be within.a range so that the lowest level should 
produce an output corresponding to decimal zero, binary 
00000000, and the maximum corresponding to decimal 
255, binary 11111111. 


45 


If the signal is outside the range, the output remains at its 
equivalent limit of O or 255, The analogue input to [C5 is a.c. 
coupled via C28, and VR13 applies a d.c. bias so that in the 
absence of a signal the binary output corresponds to approx- 
imately the half way level of decimal 128, binary 10000000. 
With the outputs of IC5 enabled, the data is suitable for stor- 
ing in the unit's memory, or that of a computer. 

IC6 performs the conversion from binary back to an 
equivalent voltage. The inputs are directly coupled both to 
the memory, or computer, and also to the A to D chip, but 
the timing sequence ensures that IC5 and IC6 are never 
open simultaneously, but only at the correct point in the 
Read or Write modes, The conversion of binary data to a 
voltage is practically instantaneous and needs no controlling 
clock. However IC6 will only accept data during a negative 
going latch pulse on pin 4. It then reads the data, and stores 
it until the next latch pulse resets the data to another level. 
Both IC5 and IC6 are supplied by a common reference 
voltage from R45 and C30 so the analogue inputs and out- 
puts track each other with similar voltage levels. C31 on IC5 
can be ignored for the moment. 


SAMPLING STEPS 

The ratio of signal to sampling frequency should ideally be 
high in order to achieve greater definition of the waveform. 
Theoretically though it is usually accepted that a sampling 
rate of between two and three times the signal frequency is 
adequate. Thus a frequency can be represented by only two 
or three sampled steps per cycle. This is fine if the sampled 
and sampling frequencies are synchronised. In practise 
though this cannot be done for an audio signal as it is usually 
constantly changing in frequency and amplitude. This means 
that sampling takes place at different points on the 
waveform slopes on each cycle. When reconverted back to 
analogue these different sampling points will reproduce 
the same frequency, but the amplitude will change to 
correspond to the minimum and maximum sample numbers. 
The result of this is an additional sub harmonic frequency. 
Obviously then the closer the sampled and sampling fre- 
quencies are to each other, so a greater sub harmonic effect 
is produced. Higher sampling rates are needed to produce a 
cleaner end result. Computer printouts of the effects of 
sampling rates are shown in Fig. 4. to Fig. 6. 

By deliberately using sampled and sampling frequencies 
close to each other, the sub harmonics can be used for 
special effects, such as bell sounds (store a single frequency 
closely matched to clock, then play back at a slower speed), 
Photos 9 and 10 show oscillograms of two practical exam- 
ples of adverse clock to audio frequency relationships. 

Despite the sub harmonic generation, for musical pur- 
poses a sampling rate of 12kHz to 15kHz produces very ac- 
ceptable results, and when using the prototype at its max- 
imum sampling rate of 67kHz, the bandwidth is quite easily 
at least 15kHz. Anyway, in many instances a bandwidth of 
even 3kHz is satisfactory for musical effects units with the 
processed signal, though the original should usually be 
retained at close to its original bandwidth. Note though that 
a bandwidth of 3kHz does not mean that everything above 
3kHz is lost, just that attenuation of frequencies above that 
point begins to be noticeable, but they will continue to be 
heard quite well up the spectrum, depending on the 
steepness of the filter cut off. 


MEMORIES 

As we have seen, the analogue signal has been sampled 
by IC5, and an 8-bit binary equivalent obtained. Each of 
these bits is to be stored in a separate memory chip. Eight 


Photo 9. Sample rate too 
low close to sample frequency 


Photo 10. Audio frequency 


are needed, (IC15 to [C22) and each can store 65536 bits of 
data. If the memories are filled up a bit at a time at a rate of 
15kHz, the maximum delay between the first and last bits is 
approximately 4-36 seconds with a frequency bandwidth of 
5kHz. In air at O°C sound travels at 1120 feet per second, so 
this delay is the equivalent of the signal travelling 4883 feet! 
Compare this to an average spring line length. 

Despite the apparent complexity of the manufacturer's 
timing charts, for this audio application the timing sequence 
is quite simple. Each memory has eight address lines, three 
control lines, and two data lines, one in and one out, which 
in this instance are connected. The address and control lines 
are common to each memory and so are matrixed. Only the 
data lines retain their separate identities on each chip. As ex- 
pected the address lines tell the memory where to put or 
fetch data. The chip is clever and the 16 address bits needed 
can be split into two groups of eight. 28 is 256, 256 x 
256=65536, so all addresses are catered for. 

One group is referred to as the Column address and the 
other the Row address. When the RAS control js activated, 
the 8-bit address is assumed to be a row, when CAS is ac- 
tivated, the address is assumed to be a column. The third 
control node tells the chip whether it is to Write the data into 
itself, or to Read it back. These timing instructions are also 
synchronised with the needs of the A to D and D to A con- 
verters, so that the correct sequence is maintained. 


Fig. 4. 1kHz sampled at 15kHz 


Fig. 5. 100Hz sampled at 15kHz (section only). 


Fig. 6. 5kHz sampled at 15kHz 


NEXT MONTH: More circuit details including: delay 
selection, master clock oscillator and address counter. 
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BBC Speech 
Synthesiser Update 


HERE has been a massive response to the BBC Speech LF cea RqiaRGe RETAIN DUE by IANO COAG SeSENARs PuGle. oraser: 
Synthesiser project published in March 1985. Unfor- BTN ivenavedl 
tunately there have been a number of problems which have Son NE TEDL EEO. DETNETIOLIUN BELO 
been brought to our attention by some of our readers. Sogen wieies ia Gee 
Firstly, to put your mind at rest, the p.c.b. and component ate 
layout on page 32 is correct and there should be no Se Meee REE EE RS 
problems with the hardware of the actual unit. However, Tepnte ibestoO TH & 
there are, apparently, a number of variations in both the ene 
operating system and p.c.b. of the BBC Computer itself. Also ‘aerator ites 
the software listing published on page 34 of the March {adiF epmakncde THEM PROMGStnarH Lae Miotapdate 
article has some printing errors and pin 4 on the circuit wee 
diagram (page 31) should read pin 5. Ce, CORSA SELENE BREAD) BE TEER ity 
BACMUS TARCZ173 ("WORD NUMBER (eS? “areul ys 
250FROCW pe i117! 
BRE eek THEN speat mude~ TRUE: tL NOP ROL 
Liceplys! 


? THEN 240 
amet (inden % 


7 SZUFOR count Zzxi 70 LENCalLopiore # (yiidexk! 
Fig. 43 ‘ EASC [MIDS Cal] opnonest tine %) eount%, Arie" "4 ‘ 
Modification 231;"Prees (RETURN? tu continue. s 
734 "WORG NAME teolys 
to the BBC s* aM nannd finde % hep + 2 
Computer prateetnetes 
p.c.b. 
RINT TAB(2,.23' 5 "Press (RETURN) tea Sunmcirnecs, 
3a UF TABI2,17)3 LOPHONME NOIMBER (0-43 sreplyt 
Ane wicena ALL HOME hMBE 1 
450LF replys. >"" AND VALireply# 1 AMD VAL rep lyd? 64 THEN wor dé =wardt+CHRe (Vv 
Al (reply#i) 
CUT THROUGH TRACKS FROM PINS 1s B17 A70T wurde > THEN al) uphoner (9 1ider:%: ewor th 
& LINK AS SHOWN USING INSULATED WIRE ACPROCmenU (1 nuer%) 
490F ROC soeak (al lophonet (index %) ,0) 
SOUFOR caunt%=197 TO 23 
ROCwI pe (count 2? 
ExT 
MODIFICATION 4 nl ke 7 SOREN, Pienticrs GETS WORLD FROM MENU CORR+ SPONDING TI) LLY PRESSED 
As far as the variations in the actual BBC microcomputer SRUDEE BRODIE tae gs Abies varias 
are concerned, it is difficult to say what effects they will have SOI Vestast ya taeW Neieaeme yet uneyiyety Ss 
upon the operation of the Speech Synthesiser without N spmavociie- FALGES PRTC pet)7) sf ROEM pe (73? sENDPHOL 
knowing the exact model and operating system used. We TIE rec snseumsiniaib Sobdinias 
have, however, found out that some earlier models of the eocerney (he ls casio Cece e). Ba 
BBC had the READY and INTERRUPT lines transposed on SLOREN FRCART MINTS SME (LINE, OF PSN SRUELTED: BY areal 
their p.c.b., fram IC3 to IC99. This fault may be overcome by CTO TOLGS DBL DORN D 
cutting the tracks on the topside of the board from pins 16 Stl Hen eet oimeeeenenenomes fends 
and 17 and replacing them with cross-over wires on the EL OREN Onan e Heese OCe LENE REE AED IN Ye 
underside as shown in the diagram. ; 
The program listing shown here is a printout of a working ES RODS ET CEU MIE Ie IOe TO, She Bran SYNTR 
project fitted to the BBC model B which has the operating Eade THEN et Cmete rAd REE WF eate 
system 1-20 fitted and an issue—4 p.c.b. If you have a dif- REI Nthe (uceue ccomieng iia BN dP igtinck 
ferent model, the Speech Synth should still work with some mae 


slight modification to the software but if there are any : 
problems then it is suggested that you consult your dealer or SUEMDPROE 
Acorn themselves who should be able to give any details of | 
any faults or modification in the computer hardware. 


It also seems that there are a number of differences bet- Information regarding the BBC Computer is 
ween computers fitted with, apparently, the same operating available from: 
system and differences in versions of BBC BASIC. Therefore, Acorn Computers Ltd., Customer Service Division, Cam- 
we suggest that you thoroughly check the hardware of your bridge Technopark, 645 Newmarket Rd., Cambridge. 


Speech Synthesiser Project and if you still have problems, 
make further investigations into software. 
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by K. Lenton-Smith 


OR READERS with access to a ZX 

Spectrum, here are listings of 
programs for both the constructor and 
those wishing to make better use of 
Chord Symbols. 

| have taken into account the 
somewhat tedious nature of entering 
programs from the keyboard and so 
have made them as short as possible, 
avoiding even the simple complication 
of colour or user defined graphics. 
Once entered, save the programs so 
that they will auto-run when loaded 
{e.g., SAVE “CHORDS” LINE 1). They 
can be amended subsequently to suit 
the user's requirements—the com- 


“a € 
UNDO 


be | 
Pr PERT RRE 
P WTMHES 
SZeOrereqg 
DUE Dade 


aoc 


NT AT 3,9; 


50 


Program 1: DISTWIRE 


passes of Program 1 and 2, and 
perhaps for the addition of extra chords 
in Program 3. 


DISTWIRE 

Program One produces a table 
showing the method of distributing the 
various signals produced by the 
generator system. Frequency No. 1 is 
taken to be lowest 16’ C on pedalboard 
or 5-octave manual and the multiple 
pitches (including mutations) to be 
wired to each keyswitch are shown 
numerically. 

Nine pitches per playing key is 
asumed to be the maximum that the 


etch dEa ek ta eka a 
16a IF n=1 OR n=13 OR_n=25 _ OR nn 
=37 OR n=49 OR n=61 THEN PRINT ; 
INVERSE 1, "C3"; 
17@ PRINT TAB 2;n;TAB_6;n+12;TA 
6B 9;n+19,TAB 12;n+24;TAB 15,n+31 
7TAB 18,n+36, TAB 21;Nn4+48;TAB 25; 
h4+43;TAB 29,n+48 
188 NEXT oA 1@@ PRI 
190 PRINT ““Where:- @ = S-1/3 MPERANMENT 
Buint" 119 PRINT 
200 PRINT TAB 8;"N = 2-2-3" Na d Instrumen 
zard" 12@ LET y= 
130 LET x= 
21@>PRINT TAB 8;"T = 1-3/5’ Ti 142 PRINT 
e t Cc e€ oe ae dl o. 
220 PRINT TAB 8;"L = 1-173" La 15@ FOR n= 
rigot” 16@ RERD © 
4170 IF nis 
. 18Q@ IF n>= 
L NTO ote 
For Tunding keuboaed Instruments 19@ PRINT 
1 32.703196 Hz 200 CET y 
2 = 34.6476829 Hz 210 IF n= 
3 D 36.78989095 Hz n=49 OR n= 
4 CR 38.890873 Hz n=97 OR n= 
5 E 41.203445 Hz 220 NEXT n 
6 F 43.653523 Hz 232>DATA 
g fs $8:988289,.02 ae 
46.99 ‘ z ’ 
3 GR $1.3130e@3 Hz 2 PRINT 
12 A 55.800001 Hz 258 PRINT 
1 A S8.272471 Hz St 32° Ped 
12 61.735413 Hz 260 PRINT 
13 65.406392 Hz »_8° Manual 
14 69.2956583 Hz 270 PRINT 
is D 73.416193 Hz ~- 4 Manuvat 
16 Dt 77.781747 Hz 280 PRINT 
17 E 82.40689 Hz -_ 2° Manva 
18 F 87.3079053 Hz 292 PRINT 
Portion of the Spectrum's response when running Program Two. » 1° Manual 


2 
3 THEN 
aL 


JHE HN 


constructor would aim for and the 
diagonal nature of the required wiring 
will become evident from the table, For 
example, it will be seen that signal No. 
49 not only supplies the !owest C at 1' 
pitch but eight other keys also. 

Because of the 32-column limita- 
tion, symbols have been used to in- 
dicate the mutations; the last few lines 
remind the user of their meaning. The 
higher notes at 1' pitch may well be 
almost inaudible and the generator 
may not cover them anyway. Any miss- 
ing top frequencies may be substituted 
by connecting to the same key one oc- 
tave lower (a processs known as 
‘breaking back’). 


ET TUNE 

Program Two will print out a list of 
equal temperament tuning frequencies, 
its starting point again being 16' C as 
in the previous program. By altering 
variable Y to 16.351598 the program 
can be made to start at 32’ C if 
necessary. 

The Spectrum produces more 
decimal places than are strictly re- 
quired when tuning with a digital fre- 
quency meter but making it work to a 
lesser number of places would’ have 
lengthened the chore of entering the 
program. The last part of the listing 
serves to remind the user of the com- 
passes at various pitches. 

A free phase instrument (where each 
generator is totally independent) is 
probably the ideal application as many 
separate tunings are required. Older 
divider instruments may use individual 
oscillators at the head of each divide- 
by-two string so the program can be 
used to set the 12 masters. 
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Current divider organs mainly use 
Top Octave Synthesisers where only 
one tuning is required to cover the in- 
strument’s compass. This is a con- 
venient system but those blessed with 
perfect pitch can hear the tiny tuning 
descrepancies: these can be seen 
when a d.f.m. is used with the table. 


CHORDS 

Program Three takes longer to enter 
but will be most useful when extem- 
porising from sheet music showing 
Chord Symbols. Ever got stuck when 
encountering a drastic key change in 
the ‘middle eight’? If D tm? suddenly 
floors you, the computer will provide 
the answer. 

It produces 96 of the commonly 
used chords in tight music and a further 
96 suggested inversions, giving ar- 
peggios in each case. The inversions 
are such that they all fall into a similar 
compass and are suitable for left-hand 
accompaniment purposes without 
sounding either muddy or too strident. 

The computer asks for the Chord 
Symbol to be input in two parts—first 
the ROOT and then the chord TYPE. Al 
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of Chord 


20," 
R$="C" 


OR R$="CR” 
OR R$="D" 
OR R$="DR" 
OR RG$="E” 


the black notes must be taken as 
sharps (as flats would have involved a 
longer program and the ¢$ sign is on 
the keyboard) but either upper or lower 
case characters are accepted for the 
root. 

To use the program, suppose the 
Dim? was required. When asked for 
the ROOT, enter Dt. The computer will 
then display a menu of chord types 
from which to choose and in answer to 
“TYPE of CHORD” enter m7. 

The Chord Symbol is printed on the 
screen, the first inversion indicated on 
a two-octave keyboard and the actual 
notes played in slow arpeggio. The dis- 
play remains for inspection until ENTER 
is pressed again: this will produce a 
practical inversion of the chord accom- 
panied by a fast, repetitive arpeggio to 
simulate the sound of that inversion, 
bearing in mind the nasal quality of the 
square wave. 

When RS (the root) is supplied, 
variable @ is set to a number between 
—12 and —1 according to that keynote. 
The chord type C$ directs the com- 
puter to lines that set up the required 
intervals, counting upwards from the 
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root. For a Major Chord, simply press 
ENTER as its Chord Symbol consists of 
the root only. Line 48@ onwards does 
printing and beeping for both chords. 

Extra chords could be added, such as 
Major Sevenths or Major Ninths. The 
Strictly Instrumenta/ article in the May 
1980 edition briefly covered chord for- 
mation. The compass of the suggested 
inversion is alterable in lines 520-550 
and by making line 51@ read ‘PAUSE 
1@° the computer can be made to skip 
quickly over the first inversion. 

As it will eventually pay to memorise 
most of these chords for extemporising 
from Chord Symbols, experimenting 
with the program will show that there 
are a few redeeeming features. You 
well see that there are only three 
diminished chords (the constituents 
each sharing the same chord). 

See if you can find the relationships 
between certain Major Sixths and 
Minor Sevenths——by comparing Cm7 
and D{6, for example. Until most of the 
96 chords have been committed to 
(your!) memory, the program ought to 
help to find the more elusive ones that 
usually stop the left hand in its tracks. 


@ PRINT AT 16,9; "5 
RINT AT 12,0; ” 


CHORD 
of Chord 


, 


xrimmmz 
4izmmzzz 


m 


MAQUFESS 
8 


mam 
-—N 88 


9-: a9: 


Oe 
~aoQanaducdqaeqageaada 


KIDS: 


3+16, 
é5"t"! 


AT 9,6 
SAT 93,4416; 


BEEP f,b: 
PRINT AT 


51 


2 a a a ee eee 


PRACTICAL ELECTRONICS 
PRINTED CIRCUIT BOARD SERVICE 


Printed circuit boards for certain PE constructional projects are now 
available from the PE PCB Service, see list. They are fully drilled 
and roller tinned. All prices include VAT and postage and packing. 
Add £1 per board for overseas airmail. Remittances should be sent 
to: PE PCB Service, Practical Electronics Editorial Offices, 
Westover House, West Quay Road, Poole, Dorset BH15 
1JG. Cheques should be crossed and made payable to IPC 
Magazines Ltd. 


; Please note that when ordering it is important to give project 
title, order code and the quantity. Please print name and address in 
Block Caps. Do not send any other correspondence with your order. 


Readers are advised to check with prices appearing in the 
current issue before ordering. 


NOTE: Please allow 28 days for delivery. We can only 
supply boards listed here. 


PROJECT TITLE Order 
Code 
Spectrum Autosave MAR ‘84 403-01 | £1.83 


Sustain Unit 
Audio Signal Generator 


405-02 | £2.82 
405-03 | £4.28 
405-04 | £2.51 


MAY ‘84 


Cross Hatch Generator 


JUNE ‘84 
Simple Logic Analyser | 
EPROM Duplicator 
Alarm System 

Oscilloscope Calibrator 


JULY ‘84 


Comm. 64 RS232C Interface 
Field Measurement AUG ’84 


Simple Logic Analyser II 


DON'T MISS A 


Ever been in the middle of a project 
only to find the next issue sold out? 

An annual subscription to PRACTICAL 
ELECTRONICS solves the problem. 


SUBSCRIPTION 
RATES 


£13.00 
£15.00 


U.K. 
Overseas 


COMPLETE 
AND POST 
THIS 
ORDER FORM 
TODAY! 


| 

| 

| 

| Annual Subscription epee a 
| (Students: deduct £1 we aie 
| Student number} 
| 

| 

| 

| 

| 

| 

‘ 


Overseas 


Complete this form and 
post it, with payment or 
credit card authorisation to: 
Practical Electronics 
Subscription Dept. 
Oakfield House, 

35 Perrymount Road, 
Haywards Heath, 

West Sussex RH16 3DH . 


Delta he 


[ PRACTICAL 


ELECTRONICS 32390" 
| ORDERFORM | 


Paratlel to Serial Converter : 

Through the Mains Controller SEPT‘84 409-02 | £2.88 
409-03 | £2.71 

Logic Probe oct's4 [| 410-01 | £1.90 | 


JAN ‘85 
601-01/4 £9.10 


Outrider Car Computer (Set of 2 boards) 
Modular Audio Power System 
Pt-1: Power Amp Board 
Spectrum DAC/ADC Board 
Modular Audio Power System 
Pt-2: Pre-Amp/Line Driver 
Main Board 
Heart Beat Monitor 
Detector 
Main Circuit Board 
Low Cost Speech Synthesiser 
APRIL‘85 
Power Control Interface 
Disc Drive PSU 
Modular Audio Power System 
Pt-3; Test Signal Source 


Amstrad Synthesiser Interface 
Rugby Clock Pt-2 


NE '8 

CBM64 MUSIC KEYBOARD 
Keyboard 
Main PCB 


VITAL COPY! | 


Wherever you live you'll receive a 
copy regularly each month. It’s the 
quick, practical way to solve delivery 
problems. 


POST COPIES TO o 


NAME a 


ADDRESS. 


POST CODE 


l enclose my cheque/PO. payable to 1PC Magazines Ltd. for £ 
Charge my credit card A/C at quoted rate 4) Ol +O 6 


CTTTTITITT TT ttt TP 


Card valid from to 


Signature 2 
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From a oo purr to a mighty roar, 


the tightly controlled power of the 
beast is yours to command! 


A new range of superb quality loudspeakers. 
» Virtually indestructible high temperature 
voice-coil reinforced with glass-fibre 

* 100% heat overload tolerance 
» Advanced technology magnet system 
% Rigid cast alloy chassis 
* Linen or Plastiflex elastomer surrounds 
»* 5-year guarantee (in addition to statutory rights) 
Available in 5, 8, 10, 12, 15 and 18 inch models with 80 and some 162 
impedances and with input powers ranging from 50W to 300W e.g. 

Sin, 50W 95dB 82: XG39N / 162: XG40T £17.95§ 

8in. 100W +98dB 82: XG43W £29.95§ 
10in. 100W 100dB 81): XG46A £29.95§ 
12in. 100W 101dB 82: XG49D £29,95§ 
12in. Twin Cone 100W 100dB 82): XGSOE / 162: XG51F £31.95§ 
Note - the output power doubles for each 3dB increase (ref 1W @ 1m). 
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A new range of very high quality multimeters offering truly amazing 
quality at the price. 


Pocket Multimeter, 16 ranges, 200022/V DC/AC £6.95§ (YJO6G) 

M-102BZ with Continuity buzzer, battery tester and 10A DC range, 23 ranges, 
20,00022/V DC £14.95§ (YJO7H) 

M-2020S with Transistor, Diode & LED tester and 10A DC range, 27 ranges 
20,00091/V DC £19.95§ (YJO8J) 

M-5050E Electronic Multimeter with very high impedance, FET input, 53 
ranges including peak-to-peak AC, centre-zero and 12A AC/DC ranges 
£34.95§ (YJO9K) 

M-5010 Digital Multimeter with 31 ranges including 202 and 20.A DC/AC FSD 
ranges, continuity buzzer, diode test, and gold-plated PCB for long-term 
reliability and consistent high accuracy (0.25% +1 digit DCV) £42.50§ (YJ10L) 


N.B. All our prices include VAT and Carriage. A 50p handling charge must be 
added if your total order is less than £5 on mail order (except catalogue). 


Mail Order: P.O, Box 3, Rayleigh, Essex SS6 8LR, Tel: Southend (0702) 552911 
SHOPS 

@ BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292. 

® LONDON 159-161 King Street, Hammersmith, W6. Tel: 01-748 0926. 

@ MANCHESTER 8 Oxford Road, Tel: 061-236 0281. 

® SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 25831. 

® SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. Tel: 0702-554000 
Shops closed ail day Monday. 


§ Indicates that a lower price is available in our shops. 


All offers subject to availability. 


Our huge range of top quality electronic components at very competitive 
prices are all detailed in our catalogue, and with well over 600 new lines 
in our 1985 edition and many design improvements, it’s well worth 
getting a copy. Here are just a few examples from the catalogue. 

(The items below are NOT kits). 

* Most phono and jack plugs now with integral strain relief sleeve - gold-plated 
types also available from 14p (gold from 70p) 

* Stereo Disco Mixer with cross-fade, talk-over, cue monitoring, aux input, 
slide controls. Only £58.95 (AF99H) 


* 10-Channel Stereo Graphic Equalisers - 3 models - basic; with peak level 
meter; and with spectrum analyser - from £77,95 


* Digital Delay Line permits Slap-back, Doubling, Flanging, Chorus and Echo. 
11 controls. Only £195.00 (AF98G) 
* Video Enhancer improves picture quality when recording from one VTR to 
another, and with TV's with monitor input. Only 28.95 (XG59P) 
* Detailed descriptions of the exciting new 74HC range of IC’s which combine 
the advantages of CMOS and TTL. From 46p 
* Keyboards: sloping keys, two-tone grey, mounted in steel frame, very smart 
cases (extra) available. 61 keys, only £33.95 (YJ12N) 

79 keys, only £37.95 (YJ13P) 
* 1% Resistors now 50ppmi°C, 0.4W, only 2p each! 
* Auto transformers 120/240V 50VA, £10.75§ (YJ56L). 100VA £14.95§ 
(YJ57M). 150VA £16.95§ (YJ58N). 250VA £21.95§ (YJ59P). 
* Digital Clinical Thermometer. Only £13.95 (FK51F) 
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Check our 1985 Catalogue 
for all our other fascinating 
new lines. 


Pick up a copy now at any branch of W.H. 
Smith or in one of our shops. The price is 
still just £1.35, or £1.75 by post from our 
Rayleigh address (quote CA02C). 


@ Phone before 2pm for 
same day despatch. 


Post this coupon now for your copy of the 1985 catalogue. 
Price £1.35 + 40p post and packing. If you live outside the U.K. 
send £2.40 or 11 International Reply Coupons. | enclose £1.75. 


Prices firm until Aug. 10th 1985. 


